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Il'!TRODUCTI ON 
Tl"le; first objective of this program was to collect 
de.ta which vmuld throw some light on the behavior of weak 
electrolytes in liquid sulfur dioxide. Whenever the words, 
weak electrolyt_e, are used in this thesis it must be under-
stood that they refl?t: to electrolytes which are weaker than 
trityl chloride and which presmaably associate covalently. 
The very ~trong and moderately strong electrolytes in the 
trityl chloride series had already been investigated (60). 
Measurement of weaker electrolytes would result in a broad 
' spectrum of data. 
Tne equilibria were investigated by means of conduc-
ti vi ty measurements. rl'he conduc ti vi ty data were treated by 
the extrapolation procedv~e derived by Shedlovsky (82) to 
obtain experiment~l equilibrium constants and limiting con-
ductances. In this research, the experimental equilibrium 
constant was assumed to be defined by the followine; expression: 
Kexp = (Ar3 ci)(Cl-)/ (Ar3~Cl) I (Ar3 c/cl-) 
where the quantities in parentheses are activities. 
It vJas proposed th.at seven chloro-substituted trityl 
chlorides be measured. The seven compounds selected were 
the mono~, di- and tri- meta and para com~ounds and the 
mono-ortho deri v·ati ve. It .was soon dis covered that multi-
substituted Chloro derivatives ·would be too weak to afford 
accurate: equilibrium constants in this system. ·IJihe desire 
to check addit-ivity effects wlth the mono-, di- and tri-
2 
deri va ti ves was not ful.f'i lled bece.use of the inability to 
obtain accurate data. 
Along with the behavior of weak electrolytes it was 
originally proposed to study the terupere.ture dependence of 
.. 
these equilibria. T.he thermal behavior of the unsubsti-
tuted compound was to be determined also. T'ne mono-o-
rJetnyl derlvative was added later' in the program in the hope 
that teaperature dependence of the equilibrium constant for 
the dissociation of this compound could be related to that 
of the mono-o-chloro derivative and in this way obtain some 
knowledge:concerning northo effectn. 
Variation wi t~1. tempePature wns found to be quite 
regular in the case of the three mono-:1.alocen derivatives. 
H_owever, the mono-o-methyl compound as v1ell as the unsubs ti-
tuted derivative showed, such unusual behavior that the 
original ;f'i ve-tempera tm"e clata were considered insufficient 
and each :Compound has been measured at eleven temperatures. 
T:'1:e chloro derivatives yield data art1.enable to calcu-
lation o.£1 enthalpies and entropies of·a reasonably precise 
nature. ,The other two compounds, hov;ever, have afforded 
data which cannot be Planipulated to yield more than approxi-
mate entl1•_9.lpies and even these values are not at tempera-
tures which allow calculation of entropies. A detailed 
discussi9n of errors is ·necessary to understand the signifi-
cance of.' these latter results. 
3 
RESULTS and DISCUSSION 
Presentation or Data 
The conductivity runs are summarized in Figs. 1 to 
35 where semilogarithmic plots show equivalent conductances 
as ordinates and dilution, in liters per mole 1 as abscissas. 
The best ttsightn curve is drawn through the points to 
enable speedy estimation of the scatter obtained for a 
' ~'.. 
series of runs~made on any compound at a particular_ temper-
ature. The size or the circles about the points has no 
statistical meaning and the cir'cles are drawn only as an aid 
to identification or the point in question. 
Shedlovsky Calculations 
i 
Calculation of thermodynamic equilibrium constants 
rrom data such as these has been facilitated by the extra-
polation procedures of Fuoss (25.) and of Shedlovsky W21. The 
two procedures are quite similar and indeed five results 
which are not signiricantly different when K is less than 
about l0-3. For larger values of K the method of Shedlovsky 
is recommended(26). Only one compound in the series measured 
has a K greater than 10-3 (mono-o-methyl). Rather than use 
two different calculation procedures the method of Shedlovsky 
was employed ror all calculations leading to equilibrium 
constants in this research. 
?~ For the signricance of the asterisk (~l-) following the run. 
designation in Figs. 1-35 see "Explanation of Tables of 
Conductivity Datattin the Appendix. 
The method involves the equation: 
1/ JlS ( z) = S ( z) ..J\..cf'2/K ~ f. 1/ Jl, 
where 
JL = equivalent conductance 
Jto= limiting conductance 
K = thermodynamic equilibrium constant 
C = concentration (moles per liter) 
D = dielectric constant 
T = absolute temperature 
f' = Debye-Huckel activity coef'ficient = 
3.648xlo6j(DT)3/2 -J .f\J3(z)/ .Ao 
{1) 
S ( z) = Shedlovsky f'unction E ( Z/2 f /i f. ( Z/2) 2) 2 (14) 
z = ~Je JV.J\212 
oC.. = Onsager. coefficient = 
8.203xlo5 _lt/(DT)3/2 I 82.43/11 (DT) ~ 
4 
At low concentrations a plot of 1/JlS(z) as ordinates 
(dependent variable) and S(z} .Jl.cf2 as abscissas (independent 
variable) gives a straight line with slope 1/K~ and inter-
cept 1/~. The slope and intercept are readily determined 
by the method of' least squares. 
Because the limiting conductance is a term in the 
equation which is used to determine itJ the method obviously 
involves a series of approximations where generally an 
initial value of the limiting conductance is obtained making 
a shrewd guess. This initial value is substituted into the 
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Table l 
Summary o:r Equilibrium Date. 
Temperature Ao K x 105 No. o:r ~i- Probable 
oc mhos cm.2/mole moles/liter Approxrns Error in K 
% 
Trityl 
o.oo 19~ 4.23 2(14) 4.6 
-4.oo 20 3.~8 2(1 ) 5.8 
-8.93Le 188 6. 9 .............. 
-12.50 173 9·t9 3 (2g) 2.9 
-15.00 180 7. 5 2(1 ) 3-9 
-17.0 Li 168 13.00 1 (12) 
---
-19.00 170 10.62 2(15) 4.1 
-21.20 162 14.18 2(1~) 3.6 
-25.00 1R6 14.36 2 (l.) ~·2 
-29.50 1 ~8 21.,20 2(15) .4 
Mono-o-tol:ll 
0.175 190 62.5 2 (19) 1.5 
-4.00 185 79.3 2(14) 3.2 
-7.00 183 . 78.2 2(12) 2.8 
-7.90 178 97.6 1(14) 2.3 
-8.90 174 109.8 2(19) 1.3 
-10.50 175 103.6 2(20) 4-9 
-12.625 171 108.6 2(1~) 3-4 
-16.50 164 151.-4 2(1 ) 3.3 
-21.13 iU 170., 2(16) 5.8 -25.00 343. 2(13) 3.1 
-29.50 142 259.8 2(13) 10.8 
Mono-p-chloro 
0.175 185 1.26 2(22) 2.3 
-8.90 172 2.14 2(22) 2.2 
-12 .. 50 169 2 .. 43 2(18) 3.2 
-21.20 153 4.43 2(18) 1.4 
-29.50 139 7·39 2(15) 1.5 
Mono-o-chloro 
0.175 182 1.06 3 (18) 3.3 
-8.90 167 1.64 2 (26) 2.5 
-12.50 167 1.79 2 (16) 3.5 
-21.20 150 2.77 1 (18) 2.2 
0.175 
-8.90 
-12.50 
-21.20 
0.175 
-8.90 
Mono-m-chloro ~~" 
(184) (170} (168) 
(152) 
. 0 .1,56 
0.240 
0.275 
0.427 
Tri-p-chloro 
(178) 
(164) 
0.120 
0.193 
3(11) 
3(12) 
3(14) 
1(20} 
3(11) 
3(11) 
33.1 a 
13.5 
22.1 
!r .• 7 
~:- Number outside brackets denotes the number o:f approxi-
mations carried out while number in the brackets states the 
number o:f data points carried. 
f Probable error is sum o:f probable error in slope plus 
twice probable error in intercept (c:f. section on thermo-
dynamic data below. 
?.~" Values :forJL,fJ in brackets indicates n assumed correct" 
values :for this quantity with subsequent use in calculations 
o:f K(c:f. Table 2). 
a See description o:f probable error calculations :for 
signi:ficance o:f these probable errors. 
equation and a slope and intercept determined. From the 
intercept a new and presumably better value of the limiting 
conductance may be calculated. This new value is in turn 
substituted into the equation and a second set of values 
determined for the slope and intercept. If the intercept 
yields a limiting conductance which is not significantly 
different (within a few tenths of one percent) from the pre-
ceeding one then the calculations may be said to have 
"zeroed-inn to the true value for that particular situation. 
Recently Leftin(56) suggested concentration limits 
to be used in selecting points suitable for inclusion into 
the extrapolation procedure. A limit of high concentration 
was somewhat arbitarily set at 2000 liters per mole. An 
even narrower range of concentration of 10,000 to 50,000 
liters per mole was also suggested. 
In this work it was found that the limit of high 
concentration set by Leftin was certainly valid as demon-
strated by the inability to ttzero-inn to a reasonable ...Ao 
with some of the weaker compounds (mono-o-chloro and mono-
p-chloro). The limiting conductance for these compounds 
was known to a good first approximation from previously 
collected data (56) (58) (59)· When points at concentrations 
as high as 1000 liters per mole were included it was found 
that limiting conductances were several percent lower t~n 
expected. This is not unreasonable since points of high 
conc:entration turn out to be heavily weighted by the nature 
42 
of the Shedlovsky extrapolation procedure. Although the 
subsequent exclusion.of high concentration data (less than 
2000 liters per mole) might seem an arbitrary choice, there 
are two reasons which justify this exclusion in this thesis. 
First, the treatment of the data is based on limiting laws 
and an approach to the infinitely dilute solution is 
indicated. Thus, the points at greater dilution would 
idealy be the most reliable. Second~ the choice is made to 
maintain consistency between this research and that of 
previous workers. The limit of low concentration however, 
cannot be set at any arbitrary concentration but must depend 
upon the strength of the electrolyte measured. For example, 
with the weakest electrolytes measured it was found that the 
solvent conductance contributed to the total conductance to 
an extent of 10% or more at concentrations of about 30,000 
to 4o,ooo liters per mole. When this point of 10% partici-
pation by solvent conductance was reached, the data were no 
longer reliable and to continue further would have resulted 
in the collection of data less and less reliable as the 
solvent conductance became a greater percentage of the total 
conductance. This inability to collect data at high 
dilution led to failure in attempts to determine accurate 
equilibrium constants by the Shedlovsky procedv~e. 
An attempt to point out the limitations of the 
Shedlovsky procedure when determining .large equilibrium 
constants on the one hand and small equilibrium constants 
Table l a 
Probable Errors of Slopes and Intercepts Derived from Shedlovsky Calculations. 
Compound Temp. Slope Intercept Probable Error %Probable Error 
Oc X 103 Slope4 
Interaept Slope Intercept 
x 10 xlO 
Mono-o-methyl 0.17.5 .o~-43 ,5.26 ,5.08 .098 1.14 0.19 
It It 
-4.00 .0370 ~:ti 7 .. 90 .288 2.1~ .53 u tt -7.00 • 0381 8.16 . .179 2.1 .33 
n lt 
-7.90 .G322 .5.61 6.20 .112 1.92 .20 
n n 
-8.90 .. 0300 5.74 3.14 .061 1.0.5 .ll 
n n 
-10 .5o .• 0316 .5.72 13.12 .21.5 4.1.5 :e! n tt -12.62.5 .031.5 .5.8.5 8.03 .14-9 . 2 • .5.5 
It 
" 
-16 • .50 .024.5 6.09 7.00 .132 2.8.5 .22 
u It 
-21.13 .o2?t6 6.3.5 12.1.5 .208 .5.1.5 .33 
1t It 
-2.5 •. 00 .01 ~6 6.9.5 ~.16 .069 2.8.5 .10' 
It n 
-29 • .50 .0190 7.03 l .82 .309 9.91 .4.4 
Unsubstituted o.oo • .597 t·02 83.8 .812 1.4o 1.62 
n n 
-4.00 • .594 .86 108. 1.00 1.73 2.0.5 
n tt 
-8.93 ... --- ---- -----
___ ... 
___ .,.. 
.... ---
It It 
-12.50 •4.51 .5.7l tl.6 ·t88 1.18 ·.8.5 n It 
-1.5.00 • t0.5 .5 • .5 3.4 • 41 1 • .56 1.1.5 
n n 
-17.00 ----
__ ..._ 
----- ----- ----
_ .... _ ... 
n u 
-19.00 .324 5.87 ~·0 .672 l.l6 1.14 tt n 
-21.20 .270 6.18 I .2 .6o6 1. 4- .98 
n u 
-2,5.00 .28.5 6.40 44.7 .501 1.~7 .78 
n n 
-29 • .50 .21.5 6 .. 74 .52.2 .679 2. ~3 1.01 
t; 
Table 1 a (Continued) 
Mono-p-ch1oro 0.175 2.94 5.39 86.0 .555 .29 1.03 u . It 
-8.90 1.[9 5.83 69.2 .. 513 
·k3 .88 u It 
-12.50 1. 5 5.93 91.4 .763 • 3 1.29 
n n 
-21.20 .960 6.52 37.1 .332 .39 .~1 u u 
-29.50 .706 7.22 36 .L~ • .354 .52 • 9 
Mono-o-ch1oro 0.175 2.83 5.49 139. •l65 -49 1.39 u n 
-8.90 2.19 5.98 112. • 55 .51 1.09 
n tt 
-12 .. 50 2.00 5.28 173 •. .776 .87 1.30 n It 
-21.20 1.60 6~ 5 82.6 .556 .52 .84 
Mono-m-ch1oro 0.175 19.0 7.73 ~-750 11.8 2 .. 50 15.3 
n tt 
-e.9o 14.4 8 .. 23 1860 4-99 1.29 6.1 u II 
-12.50 12.9 9 .. 65 27~- 9. 70. .2.13 . 10 .o 
It n 
-21.20 10.1 8.54 521 1.79 .52 2.1 . 
Tri-p-chloro 0.175 26.2 11.0 21~00 4.82 ·~2 4·4 n n 
-8.90 19.2 8.90 1320 3.11 • 9 3.5 
on the other may help to explain the i~possibility of 
determining accurate constants for the weaker electrolytes 
with the data available. The slope of the curve represented 
by the Shedlovsky equation increases with decreasing K 
values from an essentially horizontal line (slope zero) for 
strong electrolytes to about twenty five for the weakest 
electrolyte measured in this work. It is obvious that for 
the stronger electrolytes with a small slope (ca. 10-3) the 
intercept (l/Jl0 ) will be more reliable because relatively 
large· deviations will alter the intercept position only 
slightly. Although the limiting conductance is known more 
accurately, small deviations about the curve introduce 
relatively large errors in the slope. Thus the K determined 
from data which yield a small slope will not be known 
accurately. This has led to a high limit insofar as K-
va~ues are concerned of about 3 x lo-3 (60). In the case of 
a weak electrolyte with large slope a small error in slope 
is reflected by a magnified error in the intercept. This is 
especially true in this work where high dilution data have 
been found to be inaccessible. One might think of the 
mechanical analogy of the lever and fulcrum with the fulcrum 
close to one end. A small change at this shorter end 
would cause a much more dramatic change at the other end. 
With the data collected, it has been necessary to extrapolate 
from a measured equivalent conductance of about 40 to a 
limiting conductance of about 180o 
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Table 2 
Shedlovsky Slopes a d Intercepts 
for Weakest olytes. 
Compound Temp. Slope 
.A." ~ Approxtn 
Tri-p-ch1oro (178)~r 0.17.5 2.5.66 87.0 1 
ft n 0.17.5 26.26 90.8 2 
tf II 0.17.5 26.24 90.6 3 
T-!Iono-m-chloro (184) 0.17.5 17.47 88.4 1 
n n 0 .. 17.5 19 • .51 148 2 
tt tt 0.17.5 18.98 . 129.1!- 3 
Tri-p-ch1oro (164) -8.90 18.9.5 109 • .5 1 
tt u 
-8.90 19.32 114 • .5 2 
n 
" -8.90 19.22 112.3 3 
Iv!ono-m-chloro (170) -8.90 14.21 118 • .5 1 
tl tt 
-8.90 14.44 121.9 2 
n n 
_g.90 14.42 121.6 3 
Mono-m-ch1oro (168)-12 • .50 12.61 99-.53 1 
n n 
-12 • .50 12 .. 94 104 • .5 2 
n II 
-12 • .50 12.90 103.7 3 
Mono-m-chloro (1.52)-21.20 10.29 12.5.4 1 
~:· The number in parentheses is the first estimate of Ao 
made in the first approximati n. Thereafter 1 the values of Jlo derived from the Shedlov ky calculation were used for 
subsequent approximations. T us~ for the tri-p-chloro 
compound the first guess was 78 and gave back 87.0. This 
latter value (87.0) was then sed in the second approxi-
mation and yielded 90.8 etc. The numbers in parentheses are 
also the values of Jlc ref err d to as the "assumed value". 
The number in parentheses was used in calculating t'a:buTatad ~ · 
K-value.-s., however. 
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.... 
A glance at Table la will show that the smallest 
probable errors associated ith the intercepts are for the 
strongest compound while si nificantly larger probable errors 
are found in the case of two weakest electrolytes. 
Probable errors associated ith the slopes are largest for 
the strongest electrolyte e pecially as this compound ap-
proaches a dissociation con tant of lo-3. 
Although the data co weakest electro-
lytes have failed to yield eaningful limiting conductances 
(see Table 1) the slopes from successive approxi-
mations have differed by a few percent. Thus, equi-
librium constants have been alculated by assuming a limiting 
conductance and determining he Shedlovsky slope in the 
usual manner. That is 1 ies of approximations have been 
carried out and a slope and ntercept determined. This 
calculated intercept rally 20-40% lower than ex-
pected. The assumed then used with the slope rather 
than the calculated Ao and n equilibrium constant thus 
obtained (see footnote on Ta 
Shedlovsky-Kay Calculations 
. Shedlovsky and Kay (8.3 .· have worked out a method 
whereby ttsol vemt corrections It may be obtained by a series 
of approximations. Basically they modified the Shedlovsky 
equation in such a way as to ·ntroduce solvent conductance. 
They. substituted 
JL = (L - LrMc and J\!." ::: L/ c (2) . 
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into equation 1 and obtained 
L = Lo ,l .1\..,rlc~/S(z) f [1 - ~~ S(z)/ ~ (1 - Lo/L)J a 
where L and Lo are 1000 times the specific conductance of 
the solution and the actual conductance of the solvent 
respectively. The quantity, c, i$ the concentration in 
moles per liter. 'rhe other quantities are the same as 
described previously for equation 1. The usefulness of such 
an equation is obvious for it would tend to eliminate the 
uncertainties now attached to solvent conductance. 
The data i'or the mono-m-chloro derivative at•-12.5° 
and -21.2° were employed in this calculation with different 
results. The data at -12.50 gave a series of approximations 
which seemed to be diverging while the -21.2° data, although 
yielding a cons~ant Lo and _J\.o , gave a value of .,A0 which was 
higher than expected. 
The procedure used in both cases was the same. The 
data were treated in the usual manner by the Shedlovsky 
method for one approximation. In the case of the -12 .. 5° 
data, assuming an initial value of 168 resulted in a calcu-
lated value of 99.5 (Table 2). The calculated values of 
S(z) and r were then substituted into the Shedlovsky-Kay 
equation ana· the ·equation solved for the intercept, Lo, 
using 168 as the v~~ue for Jlo. The value of Lo obtained 
was -1.85 x lo-5. The original specific conductances 
(uncorrected for solvent conductance) were then adjusted by 
using as solvent conductance -1.85 x 10-8 and a new set of 
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equivalent conductances ca culated. Using the new set of 
equiyalent conductances, a egular Shedlovsky calculation 
·was carried out, again ass ing Ac,;: 168, to obtain a new 
value o~J\o. This value wa 160.7. Table 2a shows the 
reproduction of a work shee covering the phase of the 
Shedlovsky-Kay calculation iscussed above. This procedure 
should be repeated until a onstant _1\.t:J results. Thus, t;he 
method involves alternating the regular Shedlovsky calcu-
lati6n with the Shedlovsky- procedure. 
As was mentioned abo the procedure was continued, 
in the case of the -12.5° d until the divergent nature 
of the series of approximat·ons was established. ~~at is, 
the value of -~o equal to was used in a Shedlovsky-
Kay calculation to obtain Lo = 1.7 x lo-6. Correcting the 
original data using 1.7 x lo-9 as the solvent conductance 
and carrying out a regular S edlovzky calculation yielded 
J\o = 148.5. Repeating thi cycle gave Lo = 3.1 x lo-5 
and subsequently Jlo • 136.·4. · A final Shedlovsky-Kay calcu-
lation gave Lo = 5.2 x lo-5. This would have resulted in an 
even smaller value for Ao . At this point it was decided 
that further calculation wou d be fruitless. 
The -21.20 data were etter than the -12.5° data in 
two respects. The equilibri ·constant would be expected 
to be larger andthe limitin conductance smaller .. Further-
. more, the experimental data xtended to a more Gf-1..11J!.te region. 
The same procedure as describ d above was used here. The 
Table 2a 
A Typical Shedlovsky-ICay Calculation 
1 1 
v X 10-.3 A (A/v)~ Daggett•s S(~) l (S(z))2 
Z: • .3L:.82 (.A:. IV)-~ 
2.235 13.01 0.07629 1.0270 
2.280 13.26 .07626 1.0270 
2.598 ·· lL!_.L,_o .07L!h5 1.0262 
3. 2I12 1.5 .59 • 06935 1. o2L!l1 
3.578 15.95 .o6677 1.0235 
3.762 16.59 .o66L,l 1.023L. 
L,.5o2 17.9L, .06213 1.021S 
5.588 19.55 .059!5 1.0208 
5.726 19.57 .058~6 1.0206 
6.206 20.62 .057 4 1.0203 
7. 79L!- 23 .oo .o5432 1.0191 
9-174 23.96 .05107 1.0180 
9.637 25.62 .05156 1.0181 
10.23 25 .4.9 .o~-992 1.0175 
AssumedJ\0 = 168 
Initial Lo = 8.2 x lo-5 
1.013~-
1. Ol3L.-
l.Ol30 
1.0121 
1.0117 
1.0116 
1.0108 
1 .. 0103 
1.0102 
1.0101 
1.0095 
1.0090 
1.0090 
1.0087 
10 ~ .<>2 
- '" .L 1 
·97951J\.S(z)/V) 2 
f2 
0.07572 0.8~00 
.07569 . 8~01 
.07387 .8LjJ6 
.06875 .8536 
.o6616 .8587 
.o658o .8594 
.06151 .8679 
.05853 .8739 
.0578L, .8753 
.05702 .8770 
.05371 .8837 
.05047 .8903 
.05095 .8893 
.04932 .8926 
~ 
Table 2a Continued 
;o y 
.tr. -~· > ~ ;; : (,, V2 L 1 XV 1 - (10 /L) _l(rs ( z) _A:·s ( z) /_flo 11'11 ,( ') 
(,,p({/~165 0~005906 >.' .1);200 0.9861 13.56 0.0807 ··~ .. , 
i_t) ~~ 166 0~005898 13 ~4L!-7 .9861 13.81 .0822 ,,,, ,,., ··9185 .oo~68~ lk·780 .9856 154lb .0903 . (! • 
.oo 9 1 .067 
.9835 16.~. .Of)BO • , ll 0 :;!~92] 1} '' ~ ,, • 
.9820 ~0990 ''> II,) ,o!• • . - • 16 h . ' ' ( 1!11 1~'1270 61.34 .oo~- f92 16 .. 899 .9817 17.29 .1029 ;;<tl ~~316 67.10 .004130 18.593 ~9802 19.00 .1131 ;( \4ft3~8 74.75 .003715 20.759 
.9772 21.1~ .1261 I ,. 'I -y·· :~9356 75.67 .003502 20.052 
.976 20.L!. .1218 ;:.~~ • 9365 78.78 .003LLOh 21~125 
-9759 21;55 
.128l m • 9L!.OO 88.28 .003096 2L~~ 130 
·963l 24.59 .l[j6-·9~36 91$.78 .002693 2Ll-• 706 
·9 9 25.1~ .1~97 
• 9Li 21 98.16 .002807 27.051 
·9608 27.5 1. 
..1 3l ·9~ -7 101.1 . .002573 26 .. 322 
·9 81 26.7 
.159 ~ 
.057LI.o4 
~ 
Table 2a Continued 
M 
1 - ( A~~s < z >I J\) < 1 
0.9204 
" .9189 
. .9111 
.• 9036 
.9028 
I .8990 
.8891 
.8767 
.8811 
, . 87~J) 
. • 8575 
.• 85L!9 
.8~.09 
.8~57 
A , 
(L0 /L)) (M) 2 
0.959h 
-9586 .95~-5 
.9506 
.9502 
• 9Lt82 
• 94.29 
-9363 
.9387 
.9353 
.9260 
.92~.6 
.9170 
.9196 
Calculated L 0 = -1.85 x lo-5 
Slppe: 0.2788 
Intercept = •1.85 x 16-5 
1 
vz-s(z)f 
L,l!-·~-93 41:. 9[!-9 
L:$ .042 
53.890 
56.722 
58.193 
63~873 
71.330 
72.255 
75.27.5 
8L!.568 
92.005 
9!J-.250 
97.181 
1
B . X 
l/V2S(z)f A x B 
0.02247 0.02156 
.92224 .02132 
.02081 .01986 
.01855 .01763 
.01762 .01674 
.01718 .01629 
• 01565 .olL!-76 
.01401 .01312 
.01383 .01298 
.01328 .012[!_2 
.01182 .01094 
· .01086 .0100h 
.01029 .009~6 
.01029 :g86h~ 
f xY = 0.000912655 
rx2 .. 0.00328758 
\.11. 
1\) 
first regular Shedlovsky calculation gave a value or )L0 
• 125 when an assumed value of 152 was used. The values 
of S(z) and r calculated were used in the Shedlovsky-Kay 
procedure along with a value or _)l0 = 152 to give Lo = 
-2.2 x lo-5. Correcting the original data with th±s new 
value for solvent conductance and carrying out a Shedlovsky 
calculation gave Jlo = 163.2. The next· cycle gave Lo = 
-2.6 x lo-5 with a subsequent value or _ft.0 • 164. A. final 
Shedlovsky-Kay calculation gave Lo =-2.65 x lo-5. The 
calculation was stopped at this point because it is obvious 
the Jlo calculated by using this last value or Lo will not 
be significantly d~rrerent from 164. 
Although this last calculation seems to have 11 zeroed 
in" to a constant value or Ao there is still cause for 
concern. The value is too high. That is, it is higher than 
would be predict~d from the mono-o-chloro derivative (150) 
and the mono-p-chloro derivative (153). There is no a priori 
reason to suspect that the mono-m-chloro compound should give 
a Jlo 8% higher than the average or these two values. Thus, 
if the Shedlovsky-Kay value of J\..t> for the mono-o-chloro 
derivative is taken as a true value, then the values of 
for the other compounds in this series are also in doubt. 
Conversely, if the values or _/l0 obtained for the two 
isomers are correct, then there is something wrmng with the 
Shedlovsky-Kay procedure. 
The solution to this problem will require a formidable 
amount of calculation. The first thing that must be 
established is when the Shedlovsky•Kay procedure may be used. 
That is, what data are to be considered sufficient. Use of 
this method implies the possibility that data may be col-
lected to a point where "solvent conductance" as it is used 
in this research, is more than ten percent of solution 
conductance. Secondly, the values of ~ obtained by this 
method will have to be verified. This can only be done by 
carrying out a relatively large number of calculations with 
compounds of varying strengths since there is no absolute 
method of readily determining ~ in solvents of low die-
lectric constant. 
The fact that Lo has been used to correct raw data 
in the same manner as a solvent conductance should be 
clarified. This is especially true in view of the negative 
values obtained. Shedlovsky and Kay found that in every 
case the Lo obtained "was considerably less than the 
measured solvent conductance". They also point out that 
Lo is really 11an adjustable parameter involving not only 
the solvent conductance but also any errors in the con-
ductance measurements and any deviations from the theory 
used to obtain the equation". Therefore, it is not 
theoretically impossible to obtain negative values of Lo. 
The last quotation covers a great deal of ground and nega-
tive values could be the direct result of using the internal 
dilution technique. If calculation of the data from a 
relatively large number of compounds does show a persistent-
ly negative L01 then the method could be the reason for 
these negative quantities. 
Ostwald-Onsager Cal0ulations 
Equilibrium constants were also calculated by a 
method'which assumes knowledge of the limiting conductance 
and does not involve an extrapolation. The method will be· 
described briefly here and a more extensive treatment will be 
found in the A~pendix. 
The Onsager expression for relating observed (27} 
equivalent conductances at a particular concentration to the 
limiting conductance in the case of incomplete dissociation 
may be written 
J\' is thus the conductance of 1 gram equivalent of free ions 
at the concentration ~ c where <'\ is the degree of disso-
ciation. The degree of dissociation is equal to Jl/.1\, and 
c;(. and J\..' may be evaluated from 
j\_ 1 • Ao - (A/-R Ao) Jc-.. -!l""-:"/ Jl-:-1 (5)' 
where (A~B ~) is the Onsager coefficient described above, 
(A= 82.43/~ (DT)~ and B • 8.203 x l05/(DT)3/2), by choosing 
provisional values of _tl to substitute under the square root 
sign and carrying out a series of approximations to give a 
constant _/l' • From this, ot at any particular concentration 
may be determined. 
This concentration, c, is then used in the Ostwald dilution 
law ( 74) 
k = a( 2 c)l. -a<..) (6) 
The symbol, k, is used to denote the fact that this 
equation does not yield a thermodynamic equilibrium constant 
because activity coefficients have been neglected. 
An activity correction can be made with the aid of 
, 
Deoye - Huckel theory which combined with the above equations 
leads to the expression 
log k = log K f 2 A 1 V«.. c ( 7) 
where k has the same meaning described above, K is the 
thermodynamic equilibrium constant and A' is a constant 
dependent on temperature and dielectric constant for 1 -.1 
electrolytes. 
The K values calculated in this manner at the various 
concentrations will be found in the Appendix. It is to be 
noted that all of the average Ostwald-Onsager constants are 
lower than those calculated by the Shedlovsky procedure by 
about 10%. It is characteristic of these Ostwald calcu-
lations to give constant K at high dilutions where the Debye-
Huckel theory applies. However, the data (see Appendix) show 
a decided falling off in K as dilution is decreased. At 
these lower concentrations it is reasonable to assume that 
Debye-Huckel theory applies even for a solvent of such low 
dielectric constant as sulfur dioxide. The drift might 
quite conceivably then be due to an ~~roneous solvent 
correction. This matter will be discussed at greater length 
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along with details of the calibration ~rocedure below. 
At t~1.is point it might be wise to claPi.f'y the re-
lationship bet,veen the so-called Ostwald-Ons~ger method and 
t:1.e Shedlovsky proceduPe• In a woru it might be said the.t 
the former does, in a point by point fashion, what the latter 
does by extrapolation. Both methods have as a basis the 
Onsager equation, 
{8) 
where (A f B A~ is the OnsageP coefficient referred to above. 
If' Onsager had computed resistances rather than conductances, 
the limiting law would have read (26) 
_/\_ = ( 9) 
Shedlovsky's modi.f'ication (82), 
_!\.. = ~ _/l 0 - (A f D _Jlo) { _Jl / _J\..~ ) \/;;:; (10) 
bears an obvious relationship to the original Onsager 
equatj_on. Solving .for the degree of dissociation, c(, and 
substituting into the mass action equation results in 
equation 1. Equation 1 is useful because it can be solved 
to yield the limiting conductance as well as the equilibrium 
comstant. 
In the Ostwald-Onsager method, the Ons~ger equation 
is used to calculate the degree of' dissociation. 'lh.is 
quantity is substituted into the Ostwald dilution law, de-
r~ved .from the mass action equation, to give a constant. 
~1.is constant may be corrected .for activity coefficients by 
using a form of the Debye-Huckel limiting law. Tn.us, the 
fundamental difference between the two calculations is that 
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in one, the Ostwald-Onsager method, the value of the 
limiting conductance is required. T.ne Shedlovsky procedure 
was devised to obviate the n~ed for a known limiting con~ 
ductance since in solvents of low dielectric constant it is 
not readily available. 
Physical Properties of Liquid Sulfur Dioxide 
Dielectric Constant: T't1.e dielectric constants and viscos-
ities used in this research were derived from the same data 
as those of previous workers (56) for the sake of internal 
conststancy. 
Leftin treated the data of Vierk (87) by the method 
of least squares to get an empirical expression for the 
behavior of dielectric constant with temperature. The data 
used extend , over the range -16 .. 5oc to -68.8°0. ~he 
equation obtained is of the fopm 
D = C e xp ( - LT) (11) 
where C and L are constants and T is the absolute tempera-
ture. The best fit was obtained when C = 95.12 and L = 
6. 676 x lo-3. All the data reported fit this equation v1i th 
a mean deviation of' t_o .32>~· Since the dielectric constant 
of sulfur dioxide at somewhat higher temperatures was needed, 
Leftin also showed that use of this expression to calcu].ate 
D above the experimental range (above -16.50C) would intro-
duce no great error. 
Viscosity: The data of Luchinskii (62) were treated 
by the method of least squares to give an expression 
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1000 I\ = 4.03 - 0.0363 T (12) 
where T is in degrees centigrade. The mean deviation o£ 
the experimental points about the best line is c 0.36%. 
Le£tin also compared values calculated by this equation 
with values given in The International Critical Tables (41) 
and £ound good agreement. The range o£ data which fit the 
above ~xpression is ooc. to -40°0. 
Schematic SQmmary o£ Carbinol Preparations 
Below will be found a brie£ summary o£ the reactions 
leading to the synthesis of the carbinols used in this re-
search. Table 4 summarizes the physical properties of the 
carbinols while table 3 is a similar summary for the chloro-
methanes. All the chlorides were made by reacting the 
corresponding .carbinols with acetyl chloride unde.r anhydrous 
conditions. The only exception was the mono-o-methyl de-
rivative. Here anhydrous hydrogen chloride in the presence 
o£ Drierite was found to be more effective. 
Tri-p-phenyl: 
Di-p-phenyl: · 
COCL tl. ~ ·•. b ~---,.. ~ \_:;:;_.1\::::J 
I+ 
Tri-p-chloro: 
3 CL·(~~M5~~~\ + (£to)t~.c~o 
(~c1-o 
(f }·{_')-)~~;~~ 
6o 
Di-p-chloro: 
0 Cl·~+ CL~.cOOH+ALCl"!) ~- .-.jiydtto\..) c1#~c'~cl 
''=-/  S7o"1-\~!>0'f ~ .. \::::::;::} 
. :t 
Mono-o -chloro: 
Mono-p-chloro: 
Mono-m-chloro: 
Qr.H, .1- [o1 
J: + Ct.HsOH 
ThermodYQamic Data 
The availibility or the thermodynamic equilibrium 
constant ~or any compound at a particular temperature makes 
' possible the immediate calculation or the standard rree 
energy change or the reaction by means or the ramilar ex-
pression, 
~FO = -RT ln K (13) 
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Table 3 
Physical Properties of Derivatives or Triphenylchloromethane. 
Obs. ~~ Rep. 
Compound M. R. M. R. Ref. 
Tri-p-phenyl 197.2-198.4° 195° 29 
Di-p-phenyl 136.1-137° 131.5'0 29 
Tri-p-chloro 110.6-111.4° 113° 33 
Mono-p-chloro 87-9-88 .. 8° 87-88° 23 
Mono-o-chloro 135.3-136° 133-134° 23 
:Mono-m-chloro 58-59.6° 55-57° 23 
Mono-o-methyl 138.6-139-5° 135° 31 
.. 
... ~ All melting points were determined with Anschutz 
thermometers. 
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Table 4 
Physical Properties of Derivatives of Triphenylcarbinol. 
Obs. Rep. 
Compound M. R. M. R. Ref. 
Tri-p-phenyl 205-208° 208-2100 22 
Di-p-phenyl 153.4-154.6° 151° 29 
. Tri-p-chloro 95.6-95.8° 98° 26 
Di-p-chloro 87.7-88.7°. 87-88° 28 
Mono-p-chloro 84.8-85.5~ 85° 24 
Mono-o-chloro 91.5-92.0° 91-92° 25 
Mono-m-chloro 52-53.5° 53.55° 23 
Mono-o-methyl 97.4-97.8° 98° 30 
" ,r All melting points were determined with AnschUtz 
thermometers. 
The free energies thus calculated are listed in Table 5. 
A tabulation of free energies is also made in the appendix 
where these latter values are derived from equilibrium 
constants having molal units rather than molar units. 
Obviously, measurement of K at a single temperature suffices 
for the determination of the standard free energy. 
~hen equilibrium constants at two or more tempera-
tures are available, it is possible to calculate the standard 
enthalpy change, 6 H0 , as well as the standard entropy 
change, Jl S 0 , The van 1 t Hoff equation 
( d ln K/ ;) T) p = .6 H0 /RT2 
after substitution by 
d(l/T) • -l/T2dT 
gives 
(14) 
(15) 
(16) 
Thus, the slope of a curve obtained by plotting ln K versus 
the reciprocal of the absolute temperature yields - /j H0 /R 
from which the standard enthalpy may be found. Such plots 
have been made from the collected data and are given in 
Figs. 36 to 40. Three of the derivatives, all halo- substi-
tuted compounds, show reasonable linearity of ln K versus 
T-1. In these cases ~Ho is constant in the range of temper-
ature employed. The slope of the line may be accurately 
determined by the method of least squares and the value of 
6Ho readily determined. However, it must be pointed out 
that the linear behavior observed may be due to a lack of 
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data. That is, i£ more points had been measured £or Fig. 38, 
£or example, it is quite possible that behavior such as 
that described in Figs. 36 and 37 might have been obtained. 
It is also possible that an oscillatory curve, charactized 
by Figs. 36 and 37, could have a smaller runplitude in the 
case o£ the weaker compounds. Nevertheless, thermodynamic 
data obtained by assuming linear behavior in Figs. 38-~.0 
will be in doubt until linearity is more Eirmly established. 
Vfuen 6H0 and ~Fo are known at the same tempera-
ture, 6 so may be determined by use of 
.8 Fo = i.\ H0 -T A S0 (17) 
It is not necessary that AH0 be constant in order to 
determine it or a so. The expressions used require only 
that ln K be available as a £unction of temperature. The 
derivative of any such expression with respect to temper-
ature (at constant pressure) would give the right hand 
member o£ equation 16 from which AHo could be calculated 
at any temperature. 
The inability to obtain accurate values of A H0 
(and any value £or 8SO) for trityl chloride (Fig. 36) and 
the o-methyl derivative (Fig. 37) arises £rom the £act that 
the behavior o£ ln K cannot be conveniently expressed as a 
function of temperature. It is possible that a higher 
degree parabola (sixth or seventh degree) might be round to 
fit the data or that Fourier analysis could yield an em-
pirical expression. Either o£ these methods would require 
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a good deal of labor and it is very doubtful that the data 
justify such treatment. The qualitative argument along 
with approximate values of~ Hoare enough to point out the 
rather novel features of the temperature dependence. The 
thermodyna~ic data are listed in Table 5. 
The most important question to be answered is whether 
or not the data observed are physically real or whether the 
pattern observed is the result of errors not yet encountered 
or perhaps not understood. For this reason the probable 
errors of Shedlovsky slopes and intercepts werG determined 
by the method described by Margenau and Murphy (63). The 
probable error in the slope and intercept are given as 
pb =reM (18) 
and 
(19) 
respectively where x is the 
independent variable in the Shedlovsky calculation 
(i.e., S(z)_/l cf2), n is the number of points carried in 
the calculation and re and D are defined by equations (20) 
and ( 21). 
re = 0.6745 Jr._d2/(n-2) 
D = n t x2 - (tx) 2 
(20) 
(21) 
The quantity, d, signifies the residuals calculated as the 
difference between the experimental value of the dependent 
variable and the calculated value. The results of these 
calculations are listed in Table la. 
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Table 5 
Summary of Thermodynamic Quantities Calculated ~rom 
Experimental Constants~ 
Temp. AFgxp. Temp. 0 ~ Fexp. 
oc kcal/mole oc kcal/mole 
Unsubstituted Mono-o-meth41 
o.oo ~~:tt~ 0 .17.5 f '.01 -~ .• oo -4.oo 3.82 
-8.93 G.-0.5 -7.00 3.l8 
-12 • .50 .• 80 
-7-90 3 • .5 
-1.5.00 4.86 -8.90 3 • .58 
-17.0 4.56 -10 • .50 3 • .59 
-19.00 4.o2 -12.63 3 • .53 
-21.20 41ft -16.50 3.31 
-25.00 4:3 -21.13 3.19 
-29.50 4.10 -29 • .50 2.88 
Mono-p-chloro 
Temp. f:).Hgxp. D Fgxp. ASgxp. 
oc kca1/mo1e kcal/mole esu 
6.17.5 -7.88 f6.13 -51_;2 .: 
-8.90 -7.88 .5,6.5 -51.2 
-12.50 -7.88 .5.51 -51.3 
-21.20 -7.88 [·02 -.51.2 
-29 • .50 -7.88 .61 -.51.2 
Mon6-o-ch1oro 
···. 
0.17.5 -6.42 f6.22 -46.2 
-8.90 -6.42 §:66 -L1.6.2 -12.50 -6.42 -46.3 
-21.20 -6.42 .5.26 -~-6 .3 
Mono-m-chloro 
0.175 -6 .L!-2 fl.27 -.50.1 
-8.90 -6.42 .. 80 -.50.0 
-12.50 
-6.42' 6.63 -.50.1 
-21.20 -6.42 6.19 -.50.1 
Tri-p-ch1oro 
17-40 -.5~-· 9 0.175 -7 • .5o 
-8.90 -7 • .50 6.91 -.54.5 
72 
The plots or log K versus 1/T show each point with a 
vertical line. These lines represent twice the error in K 
determined by taking the sum or the probable error in the 
slope plus twice the probable error in the intercept. 
Twice the probable error in the intercept was taken because 
the limiting conductance appears to the second power in 
equation (1) and ~0 is a runction or the intercept (cr. 
equation 1). Where they are used, ~orizontal lines on the 
ends or the vertical lines just described denote the un-
certainty in the temperature. Since essentially all or the 
data collected in this research were obtained within a 
temperature range or less than 2 x lo-2 degree, the width 
or the vertical line on the scale used is approximately the 
error in temperature. 
n~e equations or the best straight lines (see rootnote, 
table 5a) were determined ror log K as a runction or the 
reciprocal or the absolute temperature ror trityl chloride 
and the mono-o-methyl derivative. In table 5a a comparison 
is made or the percent deviation or experimental K rrom the 
calculated straight line and the percent probable error in 
K determined as described above. It is immediately obvious 
that the experimental values of K deviate rrom the straight 
line by amounts rar greater than errors or the method will 
allow. Thus, it would seem that the complex behavior or the 
temperature dependence is real. Table 5a is or course, only 
a numerical analogue or the plots of log K versus 1/T with 
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Table 5 a 
Comparison of Percent Deviation of Kexp from Linearity 
with Percent Probable Error. 
K 1 X 105if K x 105 A (Kt-K)xlo5 Percan.t. ~H:· %Deviation Probable 
100 A/K Error in K 
Tritll Chloride 
4.033 4.229 -0.196 
- 4.6 . 4.6 ~:45~ 3.~76 f0.975 f2~ .• 5 5.8 7.8~~ 6. 9 -0.2~ - 3.7 9·t88 -1.6 5 -17.3 2.9 
9.02' 7. 53 /1.371 fl7.9 3.9 
10.12 13. -2.88 -22.1 
---11.38 10.62 ... o.?6 f 7.2 4.1 
13.00 14.18 -1.18 
- 8.4 3.6 
16.33 14.36 f.l.97 f.l2.1 3.2 
21.72 21.20 f0.52 f 2.4 4·4 
Mono-o-methyl 
62.19 62.~.8 -0.29 
- o.~7 1.5 76.51 79.33 -2.82 
11a:o 
3.2 
89 .. 13 78 .. 18 fl0.95 2.8 
93.43 97.58 -4.15 
- 4.3 2.3 98~31 109.8 -11.5 -11.7 1.3 
106.~ 103.6 ;t{3.3 f. 3.2 4·4 119. 108.6 1.0 f10.1 3. 
147.7 151.4 -3.7 - 2.4 3.3 
191.9 170.9 f2l.O f12.3 5.8 . 
239.5 343.1.j. -103.9 -30.6 3.1 
31L. .• 5 259.8 -54.7 /21.0 10.8 
~} K' is calcu1at~d from the least squar~s equations: for 
trityl chloride~ Y = 10.438 f 1.651 x. lOjX; for mono-o-
methyl, Y = 8.9~0 f 1.578 x lo3x; in both equations Y = 
log K and X = T-1. 
~B} These values are taken from Table 1. 
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the error in K represented by the vertical lines. 
The plots of log K versus the reciprocal o; temper-
ature for trityl chloride as well as for the o-methyl de-
rivative show clearly that the errors as indicated by the 
sums of the probable errors associated with the least square 
line in the Shedlovsky treatment do not permit a smooth 
curve to be drawn through the data. That is, neither a 
straight line nor a parabol~ fits the data as represented 
here. Thus, a basic question is whether or not this repre-
sentation of error is correct. Because two quantities are 
determined by the Shedlovsky treatment, the error in both 
quantities must be considered. 
As previously mentioned, the equilibrium constant is 
equal to the reciprocal of the limiting conduc·tam.ce squared 
times the slope. Thus, any errors in the limiting con-. 
ductance would play a more important role than corresponding 
errors in the slope. This is because errors in the 
limiting conductance are reflected as two-fold in the 
equilibrium constant. A glance at Table 1 showa several 
anomalies in the column of limiting conductances for trityl 
chloride. Assuming that the conducting species do not 
change size by the formation of complexes (possible with 
this solvent), then the limiting conductances should vary 
in one direction only, i~e., they should increase with 
temperature as a result of increased mobility. The limiting 
conductances at -4.0 and -12.50 for trityl chloride are the 
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only values which do not fit in a regular progression. An 
older value of' the limiting conductance at oo (60) is 207 
and the probable error in the intercept at this temperature 
allows a value here of 199 c 6. Thus, within the limits of 
error the two values seem to agree. The value at -4° might 
in the same manner be listed as 206 iB where a limiting 
conductance of about 198 would be more reasonable at this 
temperature. The value of the limiting conductance at 
-12.5° presents a more disturbing problem. As was done 
above, this value may be listed as 173 t3 whereas a more 
reasonable value of the limiting conductance would be about 
185. The "more reasonable" value is very significantly 
larger than may be accomodated by the limits of error. 
Furthermore, the value listed in Table 1 was obtained from 
three approximations using a total of twenty five points 
which should add greatly to its statistical weight. No 
satisfactory explanation has been developed as yet. 
The result of using these "more reasonable" values of 
the limiting conductances would be reflected in the log K 
versus 1/T plot by a lowering of the 0° point, raising of the 
-4o point and a somewhat larger lowering of the -12.5° 
point. The resulting change in the overall shape of the 
curve is not significant except that the curve for trityl 
chloride would look even more like that of the o-methyl 
derivative. 
The analysis described above applies to the data for 
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the o-methyl derivative as well, but the precise values o~ 
the limitimg conductances (c~. above) would result in a 
much less dramatic error. The order o~ limiting conductances 
(see table 1) is more regular ~or this compound than in the 
case o~ the parent compound and there~ore no signi~icant 
di~~erences could be deduced by applying the method used 
above. 
Although the two curves in question are similar, the 
oscillation ~or the parent compound is certainly more pro-
nounced and this ~act tends to aid in establishing it as 
scienti~ic ~act. The data at -7° 1 -7.9° and -8.9° ~or the 
o-methyl compound also lend credibility to the data because 
all these points determine a smooth curve which in turn ~its 
the general pattern o~ the data. In order to determine a 
more detailed picture o~ the curve, it is obvious that data 
must be collected at small temperature intervals so that 
slopes between maxima and minima may be established. 
Precision and Reliability of the Data 
Cell Constant: 
Considerable dif~iculty was experienced in attempting 
t'o estimate a meaningful cell constant ~or the type o~ cells 
{see Fig. 41) used in this research. A considerable amount 
o~ time was spent in conducting qualitative experiments 
with a view toward correlating the unusual phenomena ob-
served in platinization and the ability to get precise 
balance in the bridge circuit and simultaneously reconcile 
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the observed frequency dependence of measured resistances. 
The circuit used was made up of dry cells in series 
with a variable resistance. A millirua~eter was included in 
the circuit. Platinization was carried out by changing the 
polarity of the cell electrodes ar frequent intervals 
(10-15 seconds) in such a way that both electrodes had the 
same charge for the same length of time at constant current 
flow. In this way it should be possible to control the 
amount of platinum deposited on each electrode. 
The apparently unexplainable phenomena·:~ observed 
were: 
(a) When the cell was connected in the circuit 
for platinization~ more current would flow in one direction 
than in the other. This apparent rectification or polar-
ization was in the aame direction during any one plati-
nization. However~ if the cell electrodes were deplatinized 
with aqua-regia and platinization resumed~ the direction of 
this polarization or rectification might or might not be the 
same. There seemed to be no way to control this directional 
aspect. 
(b) On deplatinizing with aqua-regia one electrode 
would lose platinum black readily while the other would 
seem to acquire a heavier coating·. The coated electrode 
would then become quite resistant to cleaning even for 
extended immersion periods of two to three hours in aqua-
~~ ~ese phenomena were observed on cells which were subse-
quently rebuilt before being used to collect data of this 
research. 
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regia. Again, the roles played by the two electrodes were 
not the. same for different platinizations. The coated 
electrode might be the left one once;and the right one the 
next time deplatinization was employed. 
(c) This phenomenen was also observed during some 
platinizations but to a lesser degree. Tnat is, platinum 
black would apparently accumulate on one electrode to an 
extent greater than that permitted by the measured current. 
flow. There is no experimental support for such a statement 
other than the appearance of the electrodes in question. 
~hen it is stated that one electrode apparently accumulated 
more platinum than the other it is to be understood that 
for approximately equal amounts of electric current one 
electrode would assume a deep black1 velvety appearance 
while the other would hardly lose its metallic luster. 
(d) A less disturbing observation was the po$k-
marked surface of the electrodes after deplatinization. 
Thus far the phenomena have been described in general 
terms. Now, however, reference must be made to individual 
cells because the two cells used have quite different histo-
ries. The above phenomena were observed with both cells but 
were more pronounced amd more thoroughly invest·igated in 
Cell#2 than in Cell#l. 
With Cell#l it was soon learned that if platinization 
was controlled, i.e., by allowing more time for the polar-
ity which gave smaller current flow, a point of nearly equal 
19 
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current flow could be obtained sometimes. ~~en the cell 
was platinized so that nearly equal current flow was ob-
tained the cell resistance could be measured with sufficient 
preciseness for ;ell constant determination. 
If this condition of nearly equal current flow was not 
satisfied the cell resistance could not be measured and tbe 
frequency dependence of the measured resistance increased 
markedly. In some cases the frequency dependence of the 
Jones solution (44) was as high as 30% for a ten fold change 
in frequency, i.e., from 2000 cps to 20,000 cps. By con-
trolling the platinization in the manner described abov~, 
the frequency dependence of the Jones solution resistance 
was reduced to about?% while a different platinization 
reduced the frequency dependence .of the Kohlrausch (51) 
solution resistance to about 1.5%. For the purposes of this 
argument, the only difference between Kohlrauschts and 
Jones' solution is that the former is about 0.001 molar and 
the latter is 0.01 molar aqueous potassium chloride·. w.h.e 
lower frequency dependence observed with Kohlrausch solution 
is a result of lower concentration.' 
Until further work had been done with Cell#2, the 
2000 cps Kohlrausch value (see table 6) for the cell 
constant of Cell#l was used in the sulfur dioxide work ( 13 
runs). These data have been excluded from the useful data 
of this research. ~e re$ults and conclusions derived from 
the work 
done on Cell#2 and their application in the determination 
or a true cell conatant ror each or the two cells will be 
discussed below. 
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As was mentioned above, Cell#2 exhibited the phenomena 
described above but to a higher degree than Cell#l. It was 
first thought that the leads to the electrodes might be 
sufficiently different to cause some or the observed effects. 
'I.Nhen these leads were changed and cell behavior remained 
the same, it became obvious that the electrodes or their 
mountings were the source or these phenomena. The electrode 
bulb or Cell#2 was rebuilt using pure platinum electrodes 
mounted to tungsten by means or two thin, spot-welded rods 
or platinum. The previously used electrodes were or un-
known history and might not have been pure platinum. There 
can be no certainty attached to this statement without a 
detailed analysis for the constituent(s) or these electrodes. 
The pitted surface or the electrodes after cleaning with 
aqua-regia might indicate that the electrodes are or some 
alloy so that one or more metals are dis.solved a:b a greater 
rate than others. 
That the pure plat~num electrodes in Cell#2 were 
different from the previous electrodes was obvious as soon 
as they were platinized. Plat·in1zat4on was relatively 
rapid and even. When the cell was used ror calibration it 
exhibited no rrequenuy dependence and the precision ~nd 
reproduc:tbility or individual measurements was excellent. 
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Table 6 
Data Used in Determining Cell Constants 
Hist-
ory 
Cell #1 
:r R L 
K 2,900 3244 0.2606 
K 20,000 3196 0.2567 9.968xl0-4M 1.5 2.932xlo5 
J 2$000 372.7 0.2882 
J 20,000 346.2 0.2674 0.7445g/kg 7 •. 6 2 .. 716xlo5 
Cell #2 
K 
K 
J 
J 
2.,000 
20,000 
2,000 
20,000 
2,000 
20.,000 
2.,000 
20,000 
2!126 .. 4 0 .. 1943 
2426.4 0.19~-3 
255 .. 9 0.1981 
255.9 0.1981 0.74523g/kg o.o 2.845xlo5 
270.3 0.2094 
256 .. 8 0.1989 o. 7 L!-556g/kg 5.1 2. 845xlo5 
271 .. 8 0.2106 
257.6 0.1995 0.74556g/kg 5.4 2.845xlo5 
K, Kohlrausch data; J, Jones and Bradshaw data; J1 ., :first drying o:f cell; J2 1 replatinized cell; :r, :frequency in cps; 
R, resistance; c, concentration; A:f%, percent frequency 
dependence; L cell constant. 
-3~ Kohlrausch molari tie~ calculated from mol. wt. 74.59 for 
KCl and sol~tion at ooc; 74.557 is mol. wt. of KCl used 
with Jones data .. 
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However, the cell constant determined by using Jones 
solution did not agree (see table 6) with that determined 
by using Kohlrausch solution. The difference of 1.9% was 
assumed to have been due to the uncertainty in the 
Kohlrausch value. The Jones standard solution data are at 
present considered to be most reliable.(l6). Thus the value 
obtained by using Jones solution~ could have been accepted 
as the correct value. 
Nevertheless~ it was decided to check the Jones value 
by redetermination with another Jones solution of about the 
same concentration. The cell had in the meantime been dried 
as a consequence of volume determinations. The drying was 
done in the same manner as is routinely done between sulfur 
resistance 
dioxide runs. TheAvalue obtained (Table6) was less than 
0.5% higher at 20,000 cps but the measured resistance was 
found to be frequency dependent to the extent of 5% for a 
ch~nge of frequency from 2,000 cps to 20,000 cps. The 
platinum black was removed and the cell replatinized. The 
cell constant was again determined using the same solution 
and it was found (see table 6) that the 20,000 cps value 
was0.7~ higher than the originally frequency independent 
value and 0.3% higher than the frequency dependent value. 
In every case the higher frequency value was smaller than the 
lower frequency value as would be expected if the electrodes 
eXhibit partial polarization. The fact that the last-deter-
mined constant is higher could be explained by a change in 
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surrace area arising· rrom the dirrerent platinization since 
no two platinizations can be carried out exactly the same 
with the equipment used in this resaarch. In the equation 
ror the speciric conductance or any material~ k=l/Ra, where 
1 is the distance between electrodes, and a is the surrace 
area, it can be seen that change in area will arrect the 
cell constanft inversely. A change or 0.3% in the cell 
constant would, in this case, require a decrease or approxi-
mately 1.2 sq. mm. Waether the dirrerence in surraces 
could accomodate such a change in area is dirricult to 
ascertain without a detailed study or platinized surraces 
quite beyond the scope or· this research. However, it is not 
too unreasonable to assume that the dirrerence or 0.3% came 
about as a result or two differing pl_atinum black surfaces. 
In choosing the last value obtained (0.1995) as cell 
'constant for Cell#2, several factors must be considered. 
The initial determination with Jones solution showed no 
frequency dependence and the value obtained there (0.1981) 
is certainly an excellent estimate of the constant for this 
cell if it were to be used for aqueous solutions. Vfhen the 
cell is to be used in sulfur dioxide work, where drying is 
a routine process, it would seem that the cell constant 
obtained from a.previous-ly dried cell would more nearly 
approximate the true constant under these specified con-
ditions. Thus, the second cell constant value (0.1989) 
would have §sen ahosem had not the cell been replatinized 
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and a different constant (0.1995) obtained. The small 
difference between this latter value and that of the 11dried 
cell't may be neglected sinc.e the vaJJious errors in the 
method will tend to outweigh this particular error. Since 
the cell constant value cancels out in the calculation of 
thermodynamic properties it will be useful only in compari-
sons of limiting conductances. In these comparisons there 
is a greater error involved due to the method as a whole 
than the largest possible error in ce.1'l constant. If the 
value obtained when resistance was frequency independent is 
one limit and the other limit is set as the value used1 then 
the maximum error is 0.7%. However, it seems unlikely that 
this great an error is involved as the "truen cell constant 
can reasonably be conceived to lie somewhere between these 
two values 1 if not at the value chosen. 
The fa.ct that a cell constant based on a 20,000.cps 
measurement is used to collect data at 2,000 cps should not 
be disturbing when it is realized that measurements in liquid 
sulfur dioxide exhibited virtually no frequency dependence. 
During the progress of several runs 1 measurements were made 
at 20,000 cps and 2,000 cps and the resistances never 
differed by more than a few tenths percent. 
This work has also shown that the Kohlrausch solution 
gives a cell constant which differs from the.Jones solution 
value by almost.2% 'as was mentioned above. This difference 
is obtained in the most ideal case of no frequency dependence 
. . . 
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If the cell constant i'or Cellf{2 is based on Jones solution 
then the cell constant i'or Cell#l should also be based on 
Jones solution if the values of limiting conductances 
determined with both cells e.re to be compared. T'.ae 2% 
difference in the frequency independent data might be taken 
as the error in Kohlrausch's value of the limiting con-
ductance except for the fact that comparisons (88) of Jones 
& Bradshaw specific conductance with both Parker (76) and 
Kohlrausch (51) values at O .. OlN, O.lN & l.ON shovJ discr•epan-
cies. of a few tenths of one percent •. The work of Kohlrausch 
at O.OOlM has not been checked in this manner, so that it 
is not knovm independently i.f this work is as much as two 
percent in error assuming the Jones data to be correct. 
Table 6 shows that the difference between the 
Kohlrausch 2000 cps and the Jones 20,000 cps values for 
Cell#l is 2.6%. Work on Cell//2 has shown that the better 
approximation to a true cell constant is obtained at higher 
frequency. It is known independently (36) that Jones data 
are more reliable. TI~erefore, the best estimate of the 
cell constant foP Cell7fl should be the value obtained using 
Jones solution at 20,000 cps. 
Comparison of nweighed pointtt (see below) data 
obtained with Cell#2 with a curve made up of weighed point 
data collected with Celllfl still showed a sizable discrepancy. 
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The average deviation about the curve constructed rrom 
weighed point data collected with Cell#l was 1.08%'. '!Jilhen 
three nweighed pointsn measured with Cell#2 were compared 
.with this curve, it was found that they deviated by an 
average of 5.9 t 1%. Thus, the data from Cell#2 did not 
coincide with those or Cell#l. It must be remembered that 
the above curve was made up of points calculated with a cell 
constant for Cell#l which was derived from Kohlrausch data 
at 2,000 cps. Had the Jones value at 20,000 cps been used 
ror Cell#l the discrepancy could have been decreased by 
2 .6%. The resultant deviation is s·t.:i;lL' signi-ficantly greater 
.. , 
(3.3%) than the average deviation of the weighed points 
(1.08%) making up the calibration curve. Thus there is .a· 
real dirference between data collected using Cell#l and 
Cell#2. It must be pointed out, however, that Cell#l as 
described here was never used to collect data incorporated 
into the results presented i~ this thesis. 
For a time it was felt that the difrerence in cell 
constants could be eliminated by a so-called substitu~ion 
method. Sulrur dioxide data, it was poped, could be used 
to determine one cell constant from another. That is, a 
series of weighed points would be determined in a cell with 
a reliable cell constant. These points could then serve as 
a calibration curve. The cell of unknown or questionable 
eell constant would then be used to collect similar data. 
It would then be a simale matter to determine what cell 
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constant would be required to rit the data collected with 
. 
the second cell to. the previously established curve. In 
this case one would adjust data collected with Cell#l to a 
curve set up rrom data obtained with Cell#2. 
However, the calibration curve would be made up or 
points with an ave~age deviation or about one percent and 
this woul~ result in an uncertainty, in a cell constant 
determined in this manner, or about one percent. Thus, it 
would seem that this is not a desirable procedure unless the 
point distribution is or the order or one or two tenths of 
one percent. Because or this, the work done with Cell#l in 
liquid sulrur dioxide has been eliminated and no attempt has 
been made to adjust cell qonstants by using sulrur dioxide 
data. The histories of the two cells employed in this re-
· search are given in. the Appendix. Because or accidents or 
increased knowledge, both cells were modiried twice. Cell#2 
is listed with two modifications of the dilution bulb 
volume. These changes do not arrect the precision or the 
results in any way. Cell#l is listed with two modifications 
of the electrode bulb. In one case the cell constant was 
affected and in the other it was not. These changes in 
themselves would not affect the precision or the measurements. 
Thus, up to run V-112 the geometry of the cells was not 
affected (see "Geometry of the Cellsn). However, up :bo run 
V-26 the cell. constant of Cell#l was in doubt (see above). 
This served to eliminate data collected with Cell#l up to this 
.... 
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point. Between V-82 and V-112, including V-65a and V-66a 
Cell:/fl was used with no mercury in the arms, C, (cf. Fig.l~l) • 
At this point, the only changes in Cell;'/1 were that new e-
lectrodes had been installed and that the mercury ~1.ad been 
removed from the arms, C. T'.ne cell constant was readily de-
termined and exhibited no frequency dependence. From run 
V-113 on, the cell was modified further by doubling the 
distance from the dilution bulb, E, to the bend in the distil-
lation arm, l'T. Although modification of Cell;~~l in th.is 
manner did invo~ve a change in the electrode bulb volume 
(section(c), p. 202), the cell constant was not affected 
because the electrodes were not moved. The data collected 
after this modification are those Mlich ·are pertinent to the 
discussion of cell geometry and have been eliminated for the 
reason given below. 
1hus, the only data collected with Cell7;f1 which were 
considered reliable are those of runs V-82 to V-112 inclusively •. 
All other data obtained with Cell7i~l have been discarded. 
Internal Dilution Calibration 
Procedure: A series of points was determined by 
initiating a sulfur dioxide run in the usual manner and de-
termining the conductivity over a vary narPow range. The 
minimum v1eight of sample permissible was determined by t~1.e 
sensitivity of the balance used while the maximum weit;ht was 
determined by the inadvisability of measuring resistances of 
less than 1.:)00 ohms. The heavier samples allowed dilutions 
to be carried out such that the conductances fell within the 
Point 
1 
2 
3 
~ 
6 
7 
8 
9 10 
Table 7 
Weighed Points Conductivity Data 
V k X 10_5 
1./mole mhos cm-1 
67·8.~· 
370.5 
277.2 
177.2 
141.4 
111.7 
6o.6o 
13L~.9 
139.7 
93.63 
Table 8 
.5.202 
7.383 
8.611 
11.17 
12.73 
14.3.3 
20.24 
12.8.5 
12.71 
1.5.87 
Dilution Points Conductivity Data 
V k X 10_5 
Point 1./mole mhos cm-1 
6 (a) 
6(b) 
7 (a) 
7(b) 
7(c) 
8 (a) 
8(b) 
9( a) 
9(b) 
10 (a) 
lO(b) 
227.6 
464.4 
127.1 
26.5.8 
.5.5.5.3 
278.2 
.574.o 
284.9 
.581 • .5 
193-9 
400.9 
9 .. 80.5 6.620 
13.44 
8.932 
.5.896 
8.730 
.5.80.5 
8.605 
.5.784 
10.46 
6.9.57 
Log V 
2.8316 
2.5988 
2.4428 
2.2494 
2.150.5 
2.0481 
1.782.5 
2.1,300 
2.14.52 
1.9714 
Log V 
2.3572 
2.6669 
2.10L2 
2.~1+6 2.~nt~ 2 • 
2.7.589 
2.4.546 
2.7646 
.2.2876 
2.6030 
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range of weighed points. T.ae equation of the curve determined 
from the weighed points was found and the deviations of the 
weighed and dilution points respectively were calculated and 
compared. 1he solvent correction (61) used was the average of 
17 runs (NL 68-85); k • 0.0128 x lo-5. 
Weighed points are defined as those points where 
measurements were made on a solution containing a weighed 
amount of solute. That is, the initial point of any run 
would be a "weighed" point.. A !!dilution" point may therefore 
be defined as any point in a run other than the first point. 
The quantity, V, associ a ted with dilution points was de-
termined by assuming that the dilution bulb volume VIas as 
calibrated. Any progressive deviation of dilution points from 
a weie;hed point curve would then be due to an error in the 
dilution bulb since any error there would cause an error 
which increased with increasing dilution. 
Equation_of Curve 
A second degree parabola VJas found to give the best 
fit. A third degree parabola equation gave significantly 
larger deviations of individual points. TI1e ·equation obtained 
by the method of least squares was as follows: 
Y = 89.8138 - 54.9275 x f 8.86137 x2, 
where Y = k .x 105 (k • specific conductance of solution) and 
X • log V (V • dilution, liters per mole). 
1be results of the calculation by means of the above 
equation are tabulated below. 
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Table 9 
Deviation or Weighed Points rrom Calculated Curve 
Point y yr R 
l 5.202 5.331 -0.129 
2 7.383 7-190 /:0.193 
~ 8.611 8.515 f.0.096 11.17 11.10 /:0.06 12.73 12.67 fo.o 
6 14.3~ 14.44 -o.o~ 7 20.2 20.2 fO.l 
8 12.8.5 13.02 -0.17 
-9 12.71 12.76 -0.05 10 15.87 15.97 -0.10 
y = k x 105 e.xp. R = residual 
Yt= k x 105 Calc. 
Table 10 
Deviation or Dilution Points rrom Calculated Curve 
Point y yr R R' 
6(a) 9.805 6·576 /-.0.229 6(b) 6.620 ·~53 fo.267 -0.038 7 (a) 13.44 13. 7 -0.030 
7{b) 8.932 8.730 j.0 .. 202 -0.232 
7{c) ·5.896 5.812 fo.o84 f0.118 
8( a) 8.730 8.497 /:0.233 
8(b) 5.805 5.723 /:0.082 
9(a) 8.60[ 8.378 /:0.227 9(b) 5.78 . 5.689 f0.095 f0.132 
10 (a) 10.46 10.53 -0.070 
-0.148 10(b) 6.957 6.878 f0.078 
Y • k x 165 e.xp. R • residual 
yr. k x 105 Calc. R'= residual dirrerences 
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The sum of the residuals of the weighed points is 
fO.llO while the corresponding figure for dilution points 
iA fl.397. The respective mean deviations are 0.109 and 
0.145. These data show that there is a definite shift off 
the calibration curve and that the mean deviations are not 
very different. The important thing to note is that the 
residual differences for the various groups (e.g. 6(a), 6(b), 
do not show a trend. This is brought out by R' which is the 
difference between two successive residuals for any one 
group. Since the substraction is carried out in the same 
direction, the scatter of positive and negative R' shows 
a definite randomness. If a trend were present the R' 
values would all be of the same sign. The large sum of the 
residuals for the dilution points is definite indication 
that points obtained by the dilution procedure are somewhat 
in error relative to the first point of any run. This error 
tends to shift these points away from a hypothetioal curve 
of "weighed" points and probably parallel to the curve. 
This error would be reflected in the limiting conductance 
since the extropolation would be through these dilution 
points during any single ;r>un. The average percent devi-
ations of the two sets of points bring out an interesting 
fact. The dilution points have an average percent deviation 
of 2.04% compared to 1.08% for the weighed points. Thus., 
although the dilution bulb volume aces not introduce a 
' 
cumulative error, it would seem that the dilution procedure 
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itself involves an error or about one percent probably due 
to adsorption on the walls and electrodes as well as incomplete 
draining since the deviation or the observed conductances is 
positive. However, it must be noted that these dilution 
points were obtained while a glass wool plug was interposed 
between the distillation bulb and the electrode bulb or the 
cell. The higher conductances might then be attributed to 
mechanical carry over of solution trapped in the glass wool. 
This was checked by making several runs with and without the 
glass wool plug 1 (see Fig. 43), and there is no apparent 
difference between these two sets of data. Thus, it would 
seem that the one percent difference between weighed and 
dilution points is real and a runction or the system rather 
than error introduced by the glass wool plug. 
Geometry of the Cells. 
Late in the program it was learned by Peter Pappas (75) 
that elimination of the moving mercury connections in the arms, 
C1 attached to the electrode bulb, F 1 caused the complete 
disappearance of the difficulties previously discussed. 
However, at this point, special care was being taken to insure 
that pure platinum was used for electrode plates so that the 
modification as well as the precaution may be responsible ror 
the better behavior observed. ~e resolution of this tricky 
problem as well as the pertinent data will be taken up by 
Pappas in a forthcoming thesis and will be better discussed 
at that time. 
Mention was made of the above descovery at this time 
for the purpose of explaining why Cell#l was used again. 
The trouble-free behavior made use of Cell#l attractive from 
the viewpoint of efficiency. 
Several runs were made in the two cells using the same 
compound and the same temperature •. Table 11 shows a com-
parison of data collected in this manner and a disturbing 
degree of' scatter seems to be present. In almost every case., 
data collected with Cell#l (second modification, see Appendix), 
have a tendency to increase the calculated value of _/l0 
while at the srune time lowering the value of' the equi-
lib~ium constant. This inverse interdependence of' the 
limiting conductance and K will be used f'or a later argument 
in the case of temperature dependence. 
The data do indicate a def'fnite dif,f'erence between 
values derived by use of' Cell#l and Cell#2. Since the vast 
majority of' the data collected are based on Cell#2, it seems 
wise at this point, for the sake of' internal consistency, 
to again disregard data collected by using Cell#l. 
The cell characteristics and cell constant f'or the 
modified Cell#l use in these latter experiments ~ere checked 
by Pappas and the values obtained by him agreed, within ex-
perimenaal error, with those listed in the Appendix. The 
only significant dif'f'erence between the two cells under 
discussion is apparently the distance f'rom the top of the 
dilution bulb, E, to the bend in the distillation tube, N, 
Table ll 
E.f.fect o.f Cell Construction on~~oand Kexp. 
Code Temp. 
_/\.o K X 105 Slope Interc~pt (16) 
Unsubst. 
A. -4.o 220.6 3.34 .6151 4.534 
B 
-4.0 196.6 4.57 .5665 5.085 
c -~-·0 210.9 3-79 .5927 4.741 
D -4.0 205.8 3.98 .5938 4.860 
Unsubst. 
A -15.0 181.0 6.66 .4581 5.525 
B 
-15.0 178.1 7.84 .4020 5.615 
G -15.0 178.1 7.53 .4185 5.613 
D -15.0 179.7 7.65 .4o46 5.562 
Unsubst. 
c 
-19.0 174 . 9.47 .3487 5.736 
D -19.0 170.4 10.62 .3243 5.868 
Mono-o-me'thyl 
c 
-4.0 189.7 6.73 .0~.1.31 5.271 
D -4.0 184.7 7.93 .03696 5.415 
A: Single run, Cell#l; B: Single run, Cell#2; C: Two 
runs, Cell#l and Cell#2; D: Two runs, Cell#2 only. 
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(c:r. Fig. 41)'. 1his distance in Cell#l is approximately 
twice as great as the corresponding distance in Cell#2. Thus~ 
drainage might be greater in Cell#l accounting :ror the 
higher limiting conductances observed. Cells constructed so 
that there is no serious di:f'.ference in drainage paths should 
yield results which are identical. 
E.ff'ect o:r Solvent Correction. 
The role played by the estimated solvent correction 
is an important one especially when compounds weaker than 
trityl chloride are being measured. As in previous work in 
this .field~ data were collected until solvent conductance 
cont.vi·buted t'i ve percent to the total conductance of' the 
solution. ~us, if' solvent contributed .five percent to the 
total conductance and the value obtained f'or solvent con~ 
ductance is in error by 20% 1 the corrected point will be 
about one percent in error. However, there is no really 
meaningf'ul way in which the error in the solvent conductance 
may be estimated. ~is is because the solvent conductance 
measured is not the conductance of' pure solvent but of' a 
rather impure solvent obtained by two distillations .from the 
solution a:rter each run. 
There are two good reasons why this procedure may be 
experimentally acceptable, First, distillation :rrom the 
solution to obtain solvent conductance enables one to detect 
any volatile impurities which might have been introduced into 
or generated in the system. Inability to obtain a reasonably 
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high resistance could be taken as strong evidence for the 
presence of some volatile conducting species. Second, the 
conductance of pure solvent cannot be used because it would 
mean disregarding drainage and adsorption phenomena which 
must exist in this system. Thus, when a dilution is carried 
out, the amount of solute retained will be different than 
that which is calculated from the calibrated volumes. This 
is caused by the different drainage behaviors of sulfur 
dioxide relative to the calibration liquid as well as to the 
adsorbed solute itself. Use of solvent distilled from the 
experimental solutions is perhaps a somewhat arbitrary cor-
rection but the data obtained from the internal calibration 
of dilution bulb volume (above) tend to justify its use. 
One might :eecall that "weighed pointsn fell on a 
smooth curve which differed from a similar curve made up of 
ndilution pointstt by about ene percent. 'Ihe dilution points 
showed higher conductivities and consequently the presence 
of more solute than expected from the calibration data. T.he 
unquestionably higher solvent conductance obtained by the 
procedure used in this work would tend to neutralize the 
difference between weighed points and dilution points. 
However, one must keep in mind the fact that in calculating 
the internal calibration data, one solvent value was used for 
all points regardless of what type they wer:e and that "weighed 
pointsn as defined above were not used in the Shedlovsky 
treatment of the data to obtain equilibrium constants. 
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Admittedly, the question of' solvent correction still 
leaves much to be desired but a precise knowledge of' sol·vent 
participation cannot be attained with this method o:r de-
termining conductivities. For more precise work the method 
of' internal dilution would have to be abandoned in f'avor of' 
a single point method similar to the more conventional 
procedure used in this field. 
SI GNIFI CANOE OF THE DATA 
Pertinent Equilibria 
In a previous analysis (58) or systems similar to 
those investigated in this research the equilibrium 
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RCl. ' Kl [Rf. Cl.-) 0 .... K2 .. Rt fcl- (22) 
is assumed. This, assumption implies that the non polar 
associated species is in equilibrium with the ionized ion-
pair which in turn is in equilibrium with the rree ions. (No 
attempt is made here to show any solvent interactions). The 
process described is stepwise and the two steps are con-
trolled by the ionization constant, K1, and dissociation 
constant, K2 • 
Conductivity measurements are sensitive only to the 
rree ions and thus there is no way to determine K1 and K2 
separately by this method. These two constants are related, 
however, to the experimental equilibrium constant by the 
expression (81), 
Ke-xp = (Rf) (01,-) I [<RCl) f ( [RfCl:"j ~ 
where the quantities in parentheses are activities. 
It has also been pointed out (60) that the analysis 
described here is not a unique interpr.etation or the data 
but that only one mode or association could accomodat-e the 
data. The ass~ciated species would then vary in the carbon-
chlorine bond type rrom an almost normal covalent bond ror 
the weakest electrolyte to a .Bjerrum ion-pair ror the 
strongest electrolyte. 
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T.he former more conventional analysis has been adopted 
in this discussion first, because it is more amenable to 
calculation of the separate constants by theoretical means 
and secondly, because there is no evidence which permits 
discarding this analysis at the present time. Precise con-
ductometric work along with a comparably precise spectrophoto-
metric investigation could do much to reveal the true facts 
in this situation. 
Ion Pairs and Bjerrum The2!1_ 
It has been shown recently (56) that for the case of 
dissociation of an ion-pair into spherical ions, Bjerrum 
theory (6) is quantitatively followed in liquid sulfur 
dioxide. The remarkable agreement i$ unique and thus far 
no fundamental reasons can be given to account for this ideal 
behavior by sulfur dioxide solutions. Distances of closest 
approach calculated by Bjerrum theory and the data for 
spherically symmetrical ions (see Table 12) in liquid sulfur 
dioxide vary but little from the sums of ionic radii. Thus, 
with the knowledge .of the sum of ionic radii and the known 
experimental equilibrium aonstant it should be possible by 
associating K2 with the Bjerrum ion-pair dissociation constant 
to calculate K1 as well as K2 by the relationships already 
discussed. 
A detailed derivation of the Bjerrum equation will 
not be given here because such derivations may be found in 
various t~xts (36). Bjerrum relates ionic association with 
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three parameters; the absolute temperature, the mlfcroscopic 
dielectric constant and the distance of closest approach. 
More will be said of this latter quantity below. He assumes 
the simple model of ions which are rigid, unpolarizable 
spheres contained in a medium of fixed macroscopic dielectric 
constant. Non-polar quantum bonds between ions as well as 
solvent interactions are excluded. 
The relationship which follows by these considerations 
is 
K-l = 4 1T" N/1000 C.l z1z2 t E.2 /D k T) 3 Q(b) ( 24) Bjerrum 
where 
In both equations Z refers to ionic charge, E to the value 
for the charge of the electron and D, k and T are the 
dielectric constant of the solvent, the BoltZl'tlann·constant 
and the absolute· temperature respectively. The function 
Q (b) has been calculated by Fuoss and Kraus (37). and by 
Leftin (56). The values reported by Leftin were used in 
subsequent calculations. 
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Table 12 1 
Bjerrum a-Values Calculated from Data for Sulfur Dioxide 
Compound Temperature Rf fR-{} 2 aBjerrum oc 
KCl 0.12 3.14 2.96 
KCl 
-8.93 3.14 3.10 
KBr 0.12 3.28 3.28 
KBr 
-8.93 3.28 3.31 
KI 0.12 3 .. 50 3.58 
.IC[ 
-8.93 3.50 3.78 
Iv'IeL_NBr 0.12 5.25 5.25 
Me~NBr -8.93 5.25 5.2? 
?Honic radii are those given by L. Pauling in nNature of the 
Chemical Bondn, Cornell University Press, Ithaca, N.Y. 
1940, p. 358, except for MelJ_Nf which was estimated from 
Fisher - Hirschrelder - Taylor models. 1. This table taken 
from N.N. Lichtin and H.P. Leftin, 3. Phys. Chem,~,l'O (1956). 
Table 12 demonstrates that in liquid sulfur dioxide, 
solutes whose associated form. is the ion-pair can be used in 
quantitative calculations with Bjerrum theory. The qua-
ternary ammonium salt where the cation radius was determined 
by use of molecular models further suggests that these 
models might be used for other compounds whose radii are not 
readily available. 
According to the two step equilibrium (equation 22), 
K2 corresponds to the Bjerrum constant for dissociation of 
ion-pairs to free ions. Thus, given values for a, a value 
for K2 may be calculated from the experimental data. 
However, none of the compounds measured in this research may 
be said to be completely pres.ent in the form of ion-pairs 
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in the associated form, i. e., some non-polar associated 
species are present. 1bis is a reasonable explanation for 
therailure of Bjerrum theory (56) to reproduce the experi-
mental equilibrium constants. Thus, calculated values or 
equilibrium constants will not coincide with experimental 
equilibrium constants because or the errect or the ionization 
constant on the resultant Kexp. 
The effect of temperature variation can be, at least 
semi-quantitatively, separated into ionization and dissoci-
ation phenomena assuming, of course, that Bjerrum theory 
IV. • 
quantitafely describes ion-pair dissociation in liquid 
sulfur dioxide. 
The calculation of these equilibrium constants is 
facilitated by writing the Bjerrum equation in the form (56), 
K-1 = CK Q(b) 
Bjerrum 
where 
If equation 25 is written, 
b = eb1a = tz1z2( f!2/ a DkT 
then for uni-univalent solutes there results equation 
The values of b thus obtained yield values of Q (b) by 
(26) 
(27) 
(28) 
(29) 
(29}.· 
using the tabulation given by Leftin (56) and Bjerrum constants 
may be calculated using a values obtained feom molecular 
models as described in the next section. 
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Table 13 
Calculation or Dissociation Constants (KBjerrum)~:-
T CK(lo-2) Q(b) K-1 K x(lo)3 
.Mono-o-methil 
0.175 4.776 .702 335.3 2.982 
-4.oo 4.601 .690 317.5 3.150 
-7.00 4.481 .681 305.2 3.276 
-7.90 l.l.l4J+6 .678 301.4 3.318 
-8.90 4.407 .675 297.5 3.461 
-10.50 4.3~7 . .670 291.2 3. 34 
-12.625 4.2 9 .664 283.5 3.527 
-16.50 4.132 
.6,3 269.8 3.706 
-21.13 3.977 .6 1 254-9 3.923 
-29.50 3.722 .618 230.0 4·348 
Unsubstituted 
o.oo 4.b69 .727 346.7 2.884 
-4.oo 4. 01 .715 329.0 3.049 
-8.93 4.407 .loo 308.[ 3.2 1 
-12.50 4.273 • 89 294· 3.397 
-15.00 4 •. 186 .682 285.5 3.503 
-17.00 4.115 .676 278.2 3-~~4 
-19.00 !j..047 .670 271.1 3. 9 
-21.20 3.975 .664 263.9 3.789 
-25.00 3.855 
.6ti 252.1 4•96l 
-29.50 3.722 .6 238.9 .18 
Mono-ch1oro 
0.175 4.476 .623 267·5 3.361 
-8.90 4. D7 .597 2 3.1 3.801 
-12.50 4.273 .588 251.2 ~-981 
-21.20 3.975 .566 225.0 •• J4ll4 
-29.50 3.722 -546 203.2 4-921 
Tri-p-chloro 
0.175 4-776 .56h 269.4 ,.711 
-8.90 4.407 .54d 238.0 .202 
~:, The determination or a-values used it; calct;lation Kt is 
described below. The values or a are l1sted 1n Table 5. 
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Table 1!:1: 
Comparison of Various Equilibrium Constants 
Temperature KBjerrum3 oc X (10) Ke.xp X (10).5 
K1 ~~ 
X (10)3 
Mono-Sc-methy1 
62 • .5 26.5 -0.175 2.98 
-L~.oo 3.15 79.3 336 
-7.00 3.28 78.2 ?t16 
-7.90 3.32 97.6 ~16 
-8.90 3.~6 110 486 
-10 • .50 3. 3 . 104 ~5 -12.63 3.53 109 .7
-16 • .50 3.71 1.51 82 
-21.13 3.92 l7l. 774 
-25.00 Ji.-. ·fl- ~~- [flg-
-29.50 L~.35 
Unsubstituted 
o.oo 2.88 4.23 14.9 
-4.00 3.04 3.98 13.3 
-8.93 3.24 6.69 21.1 
-12 • .50 3.40 9·~9 28.6 
-1,5.00 3.50 7. 5 22.~ 
-17 .oo 3.59 13.0 37. 
-19.00 3.69 10.6 29.6 
-21.20 3.79 14 .. 2 38.2 
-25.00 ~·97 14.4 37. 
-29.50 .19 21.2 53.2 
Mono-p-ch1oro 
3.36 1.26 3.76 0.175 
-8.90 3.80 2.14 5.56 
-12 • .50 ~·98 2.43 6.15 
-21.20 .44 4-43 10.1 
-29.50 4.92 7.39 15.0 
Mono-o-ch1oro 
0.175 3.36 1.06 ~-16 
-8.90 3.80 1.64 .3~ 
-12.50 3.98 1.79 ~·5 
-21.20 4-44 2.77 .24 
llO 
Mono-m-chloro 
0.175 3.36 0.1~6 0.~6 
-8.90 3.80 0.2 0 o. 3 
-12.50 3 .. 98 0.275 0 .. 96 
-21.20 4.44 0.427 0.96 
Tri-p-chloro 
0.175 ~-71 0.120 0.32 
-8.90 .20 0.193 o.46 
~:- The determination o:f a-values used in calculation K1 is 
described below. · The values o:f a are listed in Table 15. 
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Table 13 lists the results of' the calculation 
described above at the various temperatures employed f'or all 
the compounds used. The data have also been plotted in 
Figs. 44 to 46. It should be noted that all three mono-
chloro compounds are listed with the same KBjerru.m values. 
This is a result of the small difference found in the radii 
of these three cations; the difference found being of the 
order of experimental errors. Corresponding values for 
experimental constants are also listed and a comparison 
will show that there is no agreement with the Bjerrum 
constants nor does the temperature behavior show any sim-
. i~ari ty beyond the general increase in K with decreasing 
temperature. 
The values for K1 calculated by solving equation 19 
for K1 and assuming that K2 is identical with the Bjerrum 
equilibrium constant have been plotted in Figs. 47 to 49. 
These plots show a rather striking similarity in certain 
respects. The weakest compounds, the three chloro-substi-
tuted derivatives, yield curves with what seems to be a 
plateau. This region of small slope is apparently found in 
the other two compounds studied but not without some compli-
cation. The data derived from measurements of trityl 
chloride indicate a two step curve which fits all the data 
with the exception of two points. These two points lie in 
a region between -120 and -15°c. The deviations of' these 
points from the curve suggested are far greater than the 
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combination of experimental errors with computation errors 
will allow. The rest of the data do fit the suggested 
curve very well and the curve type itself is indicated by the 
results obtained with the data from the halo-substituted 
compounds. Representation of the data for trityl chloride 
and the mono-methyl compound as step-like curves in Fig. 48 
and 49 should not be taken as the only explanation of the 
data, nor even the best representation. .In both cases there 
are two deviating points. Dashed lines are drawn through 
these points in such a manner that a smooth curve could be 
drawn through all the data if it had not been decided to 
emphasize the step-type curves. The similarity between Figs. 
48 and 49 with Figs. 47a and 47b has been taken, by the 
author, as evidence in support of a step-like curve. However, 
the differing number of steps should not be ignored and have 
not been. A satisfactory explanation will have to await the 
accumulation of more pertinent data. 
Assuming the reality of the two "deviatingn points 
discussed above, then there are obviously two regions where 
the slope changes sign and, of course, this is reflected in 
the corresponding thermodynamic quantities. 
Carbon I on Model 
As was mentioned above, calculation of K1 and K2 from 
the experimental data could be .a:c.complished with the aid of 
Bjerrum theory but the distance of closest approach, a, had 
to be determined. The agreement obtained with tetramethyl-
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ammonium bromide by Leftin (561 when the cation radius was 
estimated by using Fisher - Hirschfelder - Taylor models 
suggested that cationic radii might be estimated in this way 
for the compounds in ·this research. This was done and the 
results are tabulated.in Table 15. · 
Justification for the use of molecular models to 
determine distances of closest approach has been based on a 
tttum.blingtt ion theory (56). '!hat is., the trityl ions are 
assumed to be tumbling in solution and this motion results 
in the generation of a sp~ere whose radius is determined by 
the longest distance from the center of gravity of the ion. 
At this point some confusion may arise concerning the 
shape of the cation and its subsequent effect on the eati-
mated radius. Two models of a triphenylcarbonium ion are now 
being considered. The first associated with Lewis (57) can 
be thought of as propeller shaped with all three rings 
equivalent in the resonance hybrid. Recently Deno (18) has 
suggested a modification of this model whereby only one or 
two rings are involved in charge delocalization at any 
instant. On a time average~ of course, all the rings are 
equivalent. As is also the case for the Lewis model, steric 
factors require that the benzene rings are not coplanar but 
at angles to each other. Deno suggests that the angle 
between the planes of two rings might be as much as 57°. The 
configuration of the central carbon atom in either moael is 
not known precisely. It seems unlikely that any change in 
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the postion o~ the center or gravity due to a change in 
configuration of the central carbon in going ~rom the 
covalent species to the ion would be large enough to sig-
nificantly a~fect these calculations. The radius of the 
sphere plus the ionic radius o~ the chloride ion gives the 
distance of closest approach. T.he models~ of course, yield 
van der Waals distances. 
Table 15 
Estimated Radius o~ Cations and Distance of Closest 
Approach. 
Cation 
a, R Compound . Radii, R 
Unsubstituted 6.5 8.3 
Mono-o-chloro 7·~ 9·3 Mono-p-c:Q,l oro~· 7- 9-2 
Mono-m-chl oro{~ 7.2 9·0 
Tri-p-chloro 8.0 9.8 
Mono-o_;methyl 6.7 8.5 
~~ The average o~ the mono-chloro radii (7 .4). was used in 
the calculation of the Bjerrum K. 
Models of the cation were built using regular models 
except that the chlorine unit was weighted to correspond to 
the relative weights or the carbons and hydrogens o~ the set. 
The weight of one carbon-hydrogen unit was determined and the 
weight of the chlorine unit was increased to correspond to 
the ratio. 
C-H : ·cl 
model moael 
. "' 
•• 
(30) 
The chlorine unit was actually weighted by boring a hole and 
adding sufficient mercury~ The hole was then plugged with 
·paraffin. The cavity for the mercury was bored in such a 
manner that the center of gravity of the unit remained 
unchanged after the addition of the mercury. 
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With the units in a correct ratio by weight~ the model 
of the cation was suspended by a fine thread attached to a 
point on the "perimeter" of the model.. A plumb line was 
fixed to the same point to which the suspended model was 
attached. The free model and the plumb line were close 
enough so that a fine line could be drawn on the model to 
indicate the proJection of the plumb line on the surface of 
the model. The model was suspended from a different point 
on its perimeter and a second line drawn. The intersection 
of these two lines was taken as a good approximation of the 
center of gravity of the model. It is actually the center 
of gravity of the projection of the model in two dimensions. 
This center of gravity was then attached to a reference 
point on a piece of paper and the projection of the ex-
tremities of the nearly planar model were marked on the 
paper. The longest distance from the center of gravity was 
taken as the radius of the cation. 
Thermodynamics o.f I on Pairs 
Along with the discussion of the variation of dis-
sociation constants with temperature, the thermal behavior 
of ionization constant~ is also introduced. This has been 
done because th~e{io"nization constants have been c:%lculated 
by assuming the validity of the dissociation constants. It 
therefore seems appropriate to discuss these two sets of data 
in the same section to emphasize their interdependence. 
The Bjerrum equilibrium constants (see Table 13) 
were plotted, Figs. 44 to 46, and in the case of the two 
stronger electrolytes it was found that the dependence of 
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log K2 on 1/T is parabolic in nature. The "bows'• of the 
parabolae determined by the calculated data are indeed small, 
but a definite curvature has been established. Thus, Bjerrum 
theory predicts a non-lineaa temperature dependence of ion-
pair dissociation constants. The mono-chloro substituted 
compounds taken together (assuming the same a value for all 
three compounds) also show curvature in plots of log K2 
versus the reciprocal of the absolute temperature. The 
standard enthalpy d$fference for the tri para-substituted 
derivative is essentially the same as for the mono substi-
tuted compounds even though a different a was used in a 
calculation of the dissociation constants. This is, of 
course, not surprising. 
A summary of the equations calculated tc\ fit the 
Bjerrum data has been made in Table 17. The mathematical 
manipulations were carried out in part by use of a twenty 
inch slide rule and the remainder by use ·or tables of logari-
thms. Table 16 lists the thermodynamic quantities calcu-
lated from the equations of the curve. The thermodynamic 
quantities associated with the tri-p-chloro derivative were 
obtained from the slope of the curve (assuming linearity 
between the two temperatures used). 
Table 16 
Summary of Thermodynamic Quantities Calculated from 
Dissociation Constants. 
Temp. 
.6 H~ L.\ F~ 682 
kcal/mole kca1/mole e.u. 
Unsubstituted 
o.oo -2.34 3.17 -20.1 
-~.00 -2.08 3.10 -19 • .5 
- -93 -2.03 3.01 -1~.1 
-12 • .50 -1.88 2.94 -1 • .5 
-1.5.00 -1.79 2.90 -18.2 
-17.0 -1.72 2.87 
-17 •6 
-19.00 -1.63 2.83 -17. 
-21.20 -1.~6 2.79 -17.3 
-25.00 -1. 0 2.73 -16.6 
-29 • .50 -1 .. 19 2.6.5 -1.5.8 
Mono-o-methyl 
3.16 0.17.5 -2.02 
-18.6 
-4.oo · -1.92 3.08 -18. 
-7.00 -1.88 3.03 
-18 -~-
-7.90 -1.86 3.01 -18.4 
-8.90 -1.83 2.96 -18.2 
-10 • .50 -1.79 2.9 -18.1 
-12.63 
-1 .. 66 2.92 -18.0 
-16 • .50 -1. 7 2.86 -17.7 
-21.12 -1 • .56 2.l8 -17.2 
-29 • .50 -1 • .51 2. 3 -17.0 
All Mono-chloro 
0.17.5 -1.91 3.09 -18.3 
-8.90 -1.7.5 2.93 -17.7 
-12 • .50 -1.70 2.86 
-1l.5 
-21.20 -1 • .54 2.71 w1 .9 
-29 • .50 -1.38 2 • .51 -16.0 
Tri-p-ch1oro 
-1.9.5 3.04 -18.3 0.175 
-8.90 -1.9.5 2.87 -18.2 
Table 17 
~~-Equations Fitted to Bjerrum DataA 
Unsubsti tuted 
Y = .-8.163 f 2.56 X 103 X -2.80 X 105 X 2 
% Mean deviation = i 0.44% 
Mono-o-methyl 
Y = -6.225 f 1.58 X 103 X -1.56 X 105 X 2 
% Mean deviation = t 0.40% 
Mono-chloro 
Y = -5.718 f 1.36 X 103 X -1.29 X 105 X 2 
% Mean deviation = t 0.24% 
~~ In these equations Y = log K2 and X = 1/T. 
l20a 
A glance at Figs. L~7 to 49 shows, in every case, at 
least one region of small slope (approximately zero) in the 
curves of log K1 versus 1/T. This, of course, means that 
the standard enthalpy change is zero. Admittedly, the curves 
have been drawn with considerable bias to show similarities. 
However, this b:J:.as is not unreasonable when the data for the 
mono-o-chloro and molilo...:.p-chloru derivatives are considered. 
In these curves, the plateau is quite definite even though 
the thermal behavior of the experimental equilibrium 
constants seems to indicate a linear dependence of log Ke.xp 
on 1/T for these compounds. At this point it might be well 
to repeat that the apparent linearity of log Kexp versus 1/T 
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curves ~or these compounds might be accidental. The thermo-
dynamic quantities obtained should be used with caution. 
The more thoroughly investigated pair o~ electrolytes 
~it a step-type curve except ~or two points.I:n each case 
these points in question have been drawn with a dashed line 
curve and ~or both compounds there is ~ound a very striking 
similarity. That is, the dashed line, goes ~irst through a 
negative slope region (sign o~ slope is relative to drawings) 
and then a rather sharply positive region and then again to 
a negative slope. With the stronger electrolyte, this 
behavior occurs at a.lower temperature than with trityl 
chloride. In ~act, the phenomenon is consecutive in that the 
end o~ this 11 abnorrnal" region ~or the o-methyl derivative 
nearly coincides with the beginning o~ the like region ~or 
the parent compound. It is possible that this deviation 
~rom the step-type curves is due to a complex interaction 
with solvent. 
It is a known ~act that sul~ur dioxide is very te-
naciously held by compounds such as those investigated in 
this research. With all compounds studied here and in the 
past (56) it has been observed that the solid residue lert in 
the distillation arm or the cell is colored. This color has 
been that o~ the ions in solution. Le~tin (56) isolated 
some or the compounds a~ter they had been measured but his 
work did not prove nor disprove the possibility o~ complex 
~ormation. It is most unlikely that the interaction o~ 
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sulfur dioxide with these compounds goes to the extent of 
compound formation. However, an association of solvent 
molecules with the phenyl rings can be imagined where.:roes•-
nance stabilization is aided or disturbed. Such effects 
would, of course, affect the ionization constant rather than 
the dissociation constant. These ideas are pure speculation 
and cannot be expanded :roeasonably withput more data. The 
shapes of the curves for the temperature dependence of the 
experimental equilibrium constants have not been determined 
in sufficient detail and consequently the ionization 
constant dependence on temperature is also not eatablished 
sufficiently for any generalizations to be made. One thing 
may be said to have been established to a reasonable degre·e 
of certainty and that is that the nabno:emaln temperature 
dependence is due to some peculi.ari ty of the system which 
affects the ionization constant. ~e remarkably good 
correlation of spherical ion data with Bjerrum theory justi-
fies and lays the basis for such a statement. Some of these 
ideas will be discussed below in an attempt to correlate 
some of the current theory and data with this work. 
THEORETICAL DISCUSSION 
Influence of Chlorine as Substituent 
A discussion of tl1.is nature may be facilitated by 
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use o:r the terminology 8Ssoc~LA.ted. VJi th Ingold (38) and the 
E~glish school. TI1.e electronic effects of substituents in 
aromatic nuclei may be classified in thr<:le categories: 
(1); Hesomeric e.f:f.'ects are peP~nanent and are a re:;:ult of 
conj~Bation in the usual sense of the word; (2) Electromeric 
effects are distinguished from mesm:1eric ef.fects by the fact 
th~t they are time varying, i .. e., by the approach of 
reagents; (3) Inductive effects which are derived. .from the 
electrical dissyrr.netry arising .from unequal sharing of 
electrons between like atoms. Of these t:hree ef.fects 
mentioned., usually only the mesomeric and inductive effects 
apply to equilibria. 'r11.e mesomeric effect is represented by 
l.I, the inductive effect by I and the electromeric effect:·by 
E. Furthermore, electron replusion is designated in each 
case by a plus sign and electron attraction by a minus sign. 
Dippy (20) has described the combined electronic effects of 
nalogen substituents in the dissociation of substituted 
benzoic acids by tl1.e symbolism -I f Tl (f E). use of the 
electroH~:Vicf.actor~f E), in this descriptio~ of an eauilibrinm 
disregards the .fact that the electromeric factor is essenti-
ally a kinetic teFm. 
The inductive effect has been established for the 
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halogens as F > Cl :> Br.> I on the basis o:f the haolgenoacetic 
acids. The mesomeric e:ffect is in the same order but of 
opposite sign, i.e., F < Cl < Br <I. It is generally believed 
that the mesomeric effect arises from resonance between 
benzenoid and quinoid forms. Ingold and Branch (39) have 
suggested 
x<:}H ( . ~ (31) 
The effect of chloro-substit~\on on the dissociation 
of several acids is summarized in Table 18. The figures 
given are relative strengths, i.e., they represent the ratio 
of substituted to unsubstituted. 
Table 18 
Effect of Chlorine Substitution on the 
Relative Dissociation Constants?i- o:f Several Acids. 
Position Benzoic Phenylacetic Phenyl boric 
0 18~2 1.76 7.10 
m 2.36 1.48 6.85 
p 1.68 L.32 3.20 
~} Ratio of substituted to unsubstituted. 
Phenol 
31.9 
15.3 
4.13 
It is obvious from the table that the inductive effect is 
predominant since all the values are greater than one. T-he 
fact that para values are all smaller than the meta values 
might suggest a mesomeric effect but this difference could 
also be ascribed to a more power:ful inductive effect at the 
meta position because of its more favorable distance from 
the reaction center.. T:b.e. large ortho values are not readily 
explained by electronic effec.ts of this nature and are 
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referred to the next section where ortho effects will be 
discussed. 
In table ·19 will be found the relative strengths of 
trityl chlorides substituted by methyl and chlorine as well 
as corresponding data on the dissociation of toluic acids. 
The substituents exhibit exactly oppositeeffects in these two 
systems because the organi~ produc~on is positively charged 
in one case and negatively charged in the other. However~ 
this should cause no difficulty.. These data make it immedi-
ately obvious that there is no effect of ortho substituents 
Table 19 
Effect of Methyl and Chloro-Substituents. 
Position 
0 
m 
p 
Chloro~r~­
Kexp K1 
.251 .212 
.037 .031 
.298 .252 
* 
Benzoic acid data. 
0°C. Data under Kexp are 
Methyl~~ 
2.17 2.06 o.87 
16.8 18.0 0.68 
-3Pd Data in sulfur dioxide 
ratios of experimental constants 
and data under K1 are ratios of ionization constants. 
at 
in the case of trityl chlorides which is comparable with the 
benzoic acids. It is a curious coincidence that all the • 
benzoic acid data (compare Table 18) show a larger ortho 
value than para value while the corresponding·trityl data 
show a smaller ortho value regardless of the direction of 
the effect. 
The order of strength found here: p-Cl > o-Cl ')) tll-Cl 
is qualitatively reasonable. Ignoring any peculiarities 
which might vome to mind in connection with ortho substituent~ 
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it is seen that the relatively high values £or the ortho 
and para substituents are compatible with a combination o£ 
opposing inductive and mesomeric e£fects. The low value £or 
meta substitution would in this way be due to an unopposed 
inductive e££ect. I£ it were not £or the o-methyl data, the 
di££erence between para- and ortho-chloro substitution might 
be explained by the effect o£ the di££erence in distance 
£rom the reaction site on inductive e££ects. However, an 
argument based on these di££erences in distance would not 
account £or the low o-methyl value when the shorter distance 
in this case should result in an increase in strength. 
Ever since the ortho e££ect was £irst discovered by 
Meyer (69,70) controversy has raged £rom one extreme to 
another. Meyer .claimed that the abnormality was due to the 
size rather than the chemical nature o£ ortho substituents. 
More recently Jenkins (43) has o££ered a proo£ £or the non-
existence o£ ortho e££ects in halogen: and nitro substituted 
phenols and anilines by calculating the electrostatic po-
tential at the reaction center and correlating this with the 
distance between the substituent and the reaction center. He 
concludes tha,t the recorded strengths are largely due to 
inductive e££ects. Dippy and co-workers (19) have taken a 
middle course by suggesting that consideration of bulk alone 
does not account £or ortho e£fects but that the interactions 
•. J 
~groups, although a major £actor, must be considered along 
with the e£fect o£ bulk. 
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In this research it has been found that there is no 
very striking ortho effect exhibited by chlorine and methyl 
substituents. This lack of effect is not uni~ue since it 
has been shown that there is no marked difference between 
ortho and para substitutions in aryl sulfuric acid hydrolysis 
(11). Some of the more quantitAtive aspects of substituent 
effects and the ortho effect are reserved for discussion in 
the section on linear free energy relationships. 
Temperature Dependent Equilibria 
It has been stated above that the temperature de-
pendenee of experimental equilibrium constants observed for 
the o•methyl derivative and the parent compound is a unique 
observation. The shapes of the curve; although not well 
defined~ do indicate a very complex behavior. 
The ionization constants of a number of .weak electro-
lytes (!W_) exhibit maxima between 0° and 60°. Harned and 
Embree (37) suggested that this is a property or all weak 
electrolytes and showed that as a first approximation, 
log K - log K9 =·P (t - e) 2 (32) 
represents the results closely provided the equation is 
applied in .the neighborhood of the temperature, e, at which 
the ionization constant is a maximum. Ionization constant 
here denotes a quantity identical with the Kexp of this 
thesis. The constant, p, is a universal constant found to 
be 5 x lo-5. Expanding and rearranging, equation 32 becomes 
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(33) 
The left side is determined from the data and then plotted 
against t ( 0 0). A straight line should be obtained with a 
slope, 2pe, and an intercept at t = o, log Ke -pe2• Since p 
is known, both Ke and e may be evaluated. Plots such as these 
show linearity from 0 to 45° and deviations from 50 to 60°. 
Along less empirical lines Gurney (32) explains the 
maxima observed by separating dissociation energy into two 
parts. The law of mass action is written 
(a f) (a .. )/a = K = c e -D/kt 
and (35) 
where the ars are a.ctivities, K is the equilibrium constant, 
C is a statistical factor and D is the dissociation energy. 
Dnon is the dissociation energy associated with non electro-
static forces and Del is the dissociation energy associated 
with electrostatic forces. 
Equation 3~- becomea 
-ln K/C = Dn0 nfkT 
which may be written 
(36) 
I 
I 
•log K/C = A/T f f ( T) (37) 
Fig. 5o shows a qualitative plot 
/T 
:£ilig.50 
of such an expression and it is 
seen that the maximum in K will be 
determined by both the shape and 
intersection of the two curves. 
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In any particular solvent, r (T) would not be·expected to 
change much with temperature. Thus, variation of the single 
maximum from compound to compound would be a result of the 
shift of' A/T. A shift of' A/T to the position of' the dashed 
line would then give a maximum at a point sloser to the 
origin of' the graph. Baughan (8) has carried out a similar 
analysis with free energies and the result is more amenable 
to calculation. A check with the .weak electrolyte data 
shows that there are distinct deviations from the behavior 
predicted by Baughan. 
In terms of' Gurneyrs analysis the results of' this 
research indicate that the function A/T may be more compli-
cated than represented. The three maxima would require 
three intersections and this requirement yields an s-
shaped curve for A/T. 
It is obvious that the analyses of' Gurney and Baughan 
are quite similar to the one employed in this report. The 
separation into electrostatic and non electrostatic dis-
sociation energies is quite comparable to the separat~on of 
Kexp. into dissociation and ionization constants respectively. 
Dennison and Ramsey (16) investigated the thermody-
nwnics of the dissociation of some perchlorates in ethylene 
and ethylidene chloride and found constant enthalpies over 
a fifteen degree range. Since their constants correspond 
to K2 as used in this research, linearity of K versus 1/T 
does not agree with the calculations made here. Since 
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Bjerrum constants are a function of dielectric const~=mt, 
tl1.e difference between the data of this research and those 
of Dennison and Ramsey could be ascribed to the dif"ferent 
thermal behavior of this quantity in the different solvents. 
However, those authors postulate that values of .ll H0 calcu-
lated from the 2jerrum equation are higher than 6 H@xp 
because a values increase sli&~tly with temperature. In 
the calculation of values for K2 in this report, it has been 
assumed that a does not change with temperature. Although 
the ion pair is not a part of an ionic lattice, the small 
temperature change does not seem sufficient to cause any 
significant change in the equilibrium distance between ions 
thus associated. 
'l1'1e entropy data (cf. Tables 5 and 1~) s~ow that the 
entropy change associated with dissociation is to a first 
appro~imation constant for all the compounds studied. The 
decrease in A s2 with decrease in temperature (Table 1'6-) is 
qualitatively reasonable in that the increase in orientation 
of solvent molecules caused by replacing an ion pair with 
the dissociated ions is less at lower tempere.ture because 
there is less thermal motion and the solvent is relatively 
more oriented to begin with. The much larger (more than 
two-fold) entropies determined from experimental data 
indicate a considerable interaction in the process going 
from covalent molecule to associated ion-pair. The inter-
action must be one born from the newly formed ionic 
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reaction center. 'I'here ~ppears to be an interesting correlation 
between the dist;ance of' a chloro-substi:buent f'rom the central 
carbon and the magnitude of .A S0 • With increas:i,nt; distance 
b, SSxp becomes more and more negative. Hov1ever, because of 
the unc?rtainty of' the Kexp values for the tri-p-chloro ... and 
mono-m-chloro derivatives this apparent order is not es-
tablished suf'ficiently for any generalizations to be made at 
this time. 
1be experimental temperature dependence data force 
.the conclusion that at some times, whenever~ HQxp is zero, 
~H~ must be positive. Since, A H£ is related to the 
internal energy of the system, then this corresponds to a 
process involving a transition from a low state to one of' 
higher energy. '£his construction of A H2xp from the sum of 
~Hf and AH~ is based on the discussion presented by Lichtin 
and Leftin (60). 'I'hat temperature plays such an important 
role over so narrow a range is most remarkable. The absence 
of this phenomenon in the halo-substituted compound (if this 
is really so) might be laid to the fact that these are 
considerably \"Jeaker or to the presence of' the chlorine substi-
uent which may set up dipoles·such that interaction of' 
solvent with these dipoles smothers out the other ef'fects. 
A fiurther possibility is that the phenomenon is a result of 
competition be·tween solute and solvent aggregates for the 
molecules of solvent necessary for solvation. Hov1ever, the 
narrow range over which this abnormal temperature dependence 
is observed would seem to hamper any serious 
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deliberation along those lines. It should be repeated at 
this time that until more data are collected to corroborate 
these p~esented as well as to show when and by what means 
this phenomenon is exhibited any discussion would seem to be 
purely ad hoc. 
" Linear Free Energy Relationships. 
A quantitative correlation between structure and 
chemical reactivity was first proposed by Hammett for meta 
and para-substituted benzene derivatives. This relationship 
has bec·ome known as the Hammett equation (35), 
log (k/ko) = 0' P (38) 
where k and ko are rat~ or equilibrium constants ror substi-
tuted and parent compounds respectively, ~ is a substituent 
constant and depends upon the nature and position of the 
substituent and P is a reaction constant which depends on 
the conditions or the reaction as well as the type or reaction 
and the nature or the reaction site. The equation is round 
to give a mean deviation of about t or - rirteen percent 
when tested on rifty two reaction series. 
Recently Jarfet (42) has reexamined the Hammett 
equatiom and applied new statistical methods in determining 
better reaction and substituent constants. The two substi-
tuents with which this work is concerned (chlorine and 
methyl) have been assigned the same constants as originally 
proposed by Hammett (35). 
The left hand member of equation 38 is proportional 
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to the difference in the free energies of reactions of 
substituted and unsubstituted compounds when the k signifies 
equilibrium constants and to the differences in free 
·. 
energies of activation when k relates to rate constants. 
For this reason the Hrunmatt equation, and other similar 
equations are referred to as nlinear free-energy relation-
ships". 
A complete discussion of the Hammett equation is not 
warranted in this work especially since many texts and 
journal articles oover the various implications in great detail. 
It has long been known that ortho-substituted benzene de-
rivatives- as well as aliphatic compounds ·do not obey the 
Hammett equation (35). The recent work of Taft in corre-
lating the data for these two types of compounds is of 
interest and will therefore be taken up in some detail. 
Taft (85) starts out with a method orignially pro-
posed by Ingold (40) whe.re it is suggested that the ratio 
of rat.e constants 1 kB/kA, of base- to acid-catalyzed hydro-
lysis is a function only of the polarity of substituent 
groups. The ratio of constants is for the same compound 
under the same reaction conditio~except that one is base-
catalyzed while the other is acid-catalyzed. 
Evidence suggesting a comraon interraediate in acid-
and base~a~yzed ester hydrolysis (9) allows the assumption 
that steric factors may be the same in the acid- as in fuhe 
base-catalyzed reactions for the same bulky substituent. 
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Thus, regardless oE the importance of steric Eactors ror any 
one substituent, the ratio of ~/kA' of base- to acid-
catalyzed hydrolysis should be essentially independent oE 
steric Eactors. Also, base-catalyzed hydrolysis (or: esteri-
rication) is much more susceptible to polar eEfects than 
acid-catalyzed (85) in view of the predominantly larger, 
positive values of·P obtained in the former instance. The 
ideas involved here are expressed in the equation 
. . ~/" (log k/k0 )B _,. (log k/k0 )A = Ecf((?B - ~A)· (39) 
. r. --·~ . ~ere EO"' is a substituent constant dependent only upon polar 
~'.t ... -----~~t efEects. B and A reEer to identical base- and acid-cata-
lyzed reaction series respectively. 
The relative Eree energy of activation in the hydro-
lysis and esteriEication of many ortho-substituted benzoate 
and aliphatic esters ~an be considered the sum oE two terms, 
one the result of polar factors and the other of steric 
factors. A measure of the gross steric effect. of a substi-
tuent has been obtained from the equation (85X, 
Es = log k/k0 • EO""~ (40) 
where Es is a substituent constant which embodies the gross 
steric effect of any particular substituent. Equatiom(L,_o) 
is not expected to hold for cases involving an attractive 
interaction between substituent and ester function, such as 
' internal hydrogen bonding. 
These equations are much more limited (86) than the 
Hammett equation since. the:y apply only to hydrolysis and 
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esterification. Substitution into equation (40) of' the 
relative equilibrium constant for the ortho-chloro deriva-
tive of. this series and the E~ value given for ortho-chl~ro 
along with the f' determined by Lichtin and Le.ftin(60) 
resulted in Es = f 1.02 where as the value, Es = f 0.18, is 
found by Taft (85) •. Values of~ for o-chloro and a-methyl, 
calculated from equation 41. are 0.15 and -0.~8 when the 
appropriate values .. -of ~1 are employed. When Kexp values are 
used in the same calculation the correspomding values of ~ 
are 0 .135 and -0.265. . Taft 's value of Ed' for o-chl oro is 
f 0.37 when a-methyl i·s zero. Equation 41 yields values of 
~ f_or o-chloro of 0.43 and 0.40 relative to a value of zero 
for a-methyl. 
It might be possible to study ortho effects along the 
path exposed by Taft if two reaction series were measured 
where on the one hand carbonium ion equilibria were me·asured 
while on the other carbanion equilibria. Such an investi-
gation in liquid Sulfur dioxide might be hampered by the 
possible reaction between a triphenyl-carbanion and the 
solvent. 
Recently a value for the reaction constant associated 
with the reaction series under investigation has been calcu-
lated (60) and the substituent constants obtained from the 
proper form of the Hammatt equation, 
log (K/K0 ) = n cf (l 
compared with other values available in the literature. 
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Table 20 is a· summary of substituent constants calculated by 
several authors. In the above equation, n is the number of 
substituents. In the evaluation of~ for both this reaction 
series and a similar one (17), only meta substituents were 
used to solve the equation. These substituents would not 
be expected to share the positive charge of the carbonium 
.ion. 
In Table 20 the figures in the second solumn were 
Table 20 
Substitl,lent Constants 
Substituent so2 Jaffet* Deno
2 Brown3 
p-chloro ,t o .136 ('$119) ~H" ,t.o .227 ,t.o.o8o f .. 149 
m-chloro f 0.349 ( .325) /-0.373 /-0.396 f .520 
p-methyl 0.2891 -0.170 -0.270 - .297 
m-methyl (- 0.069) 1 -0.069 -0.097 - .067 
p-phenyl - 0.1351 ,t.o.oo9 
------ --------
p-t-butyl - 0.269 - 0.197 ------ - .317 
* Data here are the same as those listed by Hammett (35). 
~B~ T.b.e figures in brackets are derived from experimental 
constants. The tri-p-chloro data yielded o,l25 (0.117). 
1. Ref. 60 2. Ref. 17 3. Ref. 68 
calculated by using the proper relative values of K1• It 
has been reported that use of ionization data (60) in appli-
cations of the Hammett relationship has resulted in closer 
agreement. One fact can be .seen at once from the data and 
it is that all the substituent constants ca\eulated from 
sulfur dioxide· data are c·onsiEtt:ently less positive than the 
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values determined by Jaffe•. There is no such regularity 
shown by the Dena data. 
The good agreement between the Brown data and the 
data in sulfur dioxide for p-chloro and p-methyl is also 
interesting since Brownts data are also less positive than 
those of Jaffe'• The Brown constants are derived from the 
partial rate data available for the nitration of mono-
substituted benzene-derivatives. In both pases the reactions 
~e run in solvents of moderately low dielectric constant 
(ca. 15-20) while the data listed by Jaffer are determined 
in water which has a much higher dielectric constant. If 
the medium does have an ef'fect on ~ that is, an effect 
which is not funcorporated in the reaction constant~ p , (see 
below) then this fact would threaten the reliability of 
predictions made on substituent constant data. However~ the 
lower value of the para groups obtained from data in sulfur 
dioxide might better be explained by the facility with which 
positive charge is delocalized by these groups. 
Another interesting point to note is the close 
agreement between the two p-chloro values derived from the · 
mono- and tri- substituted derivatives. T.he closest 
agreement is between the ~obtained from the experimental 
constants but the values obtained from ionization constants 
are still in very good agreement. This agreement can be 
used to support the assumptions made in calculating the 
equilibrium constants for the weakest electrolytes measured 
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in this research. 
It has been suggested that the ~- value for p-methyl 
is dependent upon the medium (50). It was found that the 
Bronsted catalysis law was adhered to by a number of p~ 
and m- substituted anilines. However, p-toluidine deviated 
and a subsequent constant based upon the catalytic constant 
(-0.08) was significantly different from that derived from 
the/dissociation constant of p-toluic acid in water ( -0 .170). 
From th~ values given by Hamme.tt for the basic constants 
(log k0 and(') the d' for p-methyl was calculated from the 
experimental data used by Hammett in a number of solvents 
(Table 21). 
Table 21 
Variation of Sigma for p-Methyl with Solvent 
Solvent * n ,;{ 
H20 9 -0.17 
25-50% C2H50H 3 -0.17 
87-98% C2H50H 5 -0.15 
C2H50H 6 -0.14· 
C H30H 1 -0.11 
C2H50H/(C2H5)20 1 -0.105 
* No. of separate estimates of 6. 
Other authors have observed the same phenomenon in 
comparing the &- values derived from rates of hydrolysis of 
p-alkylbenzoates in 87.8% alcohol with the values found by 
Hammett for the dissociation constants of p-alkylbenzoic 
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acids in water. In both these cases the authors ~ound 
less nege.ti ve values for the substituent const~mts wherec.s 
both values of Brown and of ··b.his research are more n~gati ve. 
1his difference res u.l ts .f'x•om the :rae t that positive char[];e is 
delocalized in the latter case and not in the former. 
liore recently Brovm (67) has made an at-Ge:.:1pt at a 
quanti te.tive approach to ortho ef'fects in aror•1atic systems. 
His method is based on the original idea of :3ranch and 
Calvin '(12) that the existence of' ortho effects may be 
observed by deviations froFl linearity of a plot of the loga-
ri thn~ of .the dissociation constants of' a substituted ref'er-
ence acid against otherc.;correspondingly· subs:Ltuted.::acids. 
In this way the existenue of' an ortho effect can be es-
tablished. Only if' the reference acid is free of' ortho 
effects would it be possible to estimate f'rom the plots 
under discussion the direction of the orth.o effect and 
soP~e measure of :bts magnitude. 
~rov·rn b.as taken the substituted p~rridinium ion as 
a reference acid and has compared this syster'1 with the 
corre~rpondingly substituted benzoic acids, phenyl boric 
e.cids, phenylacetic acids, thioph.enols and dimethyl anil ines .-
He conslud.es that h~'"drogen bonding, F-strain and steric 
inhibition of resonance all contribute to the ortho effects 
in the acids and base examined. 
A plot similar to those made by Bro\"n was made from 
the data of this research and those of previous work (60) 
(see Fig. 51). TI~ere is a great deal of scatter to be 
found even runong points related to meta and para substitution. 
However, even qualitatively it is seen that the o-chloro 
substituent plays a rather startling role since agreement 
with the ideas of Brown would necessitate that the experi-
mental equilibrium constant for this group would have to be 
about two orders of magnitude .f:_:rnra'l"lr~ than observed. The 
use of·Kr values for the trityl data does not improve the 
behavior. Figure 51 would therefore seem to indicate that 
a correlation such as described by Brown does not exist 
between his reference system and the data of this research. 
Roberts has suggested (78) that Brown•s reference 
system is not a valid one because of n (1) the large differ-
ence in e in the change from a 2-subatituted pyridine to 
an o-substituted benzoic acid and {2) the concomitant 
atbenuation of the short-range inductive effect which 
appears to operate strongly only at the position immediately 
adjacent to the substituent (33).n 
~~e quantity, e,the angle between the dipoalr substi~ 
tuent and the reactive center (~-9), is used by Roberts in 
discussing the separation of tttruett inductive effects from( 
field effect. In his d~scussion he d~fferentiates between 
field effects, vn~ich are purely electrostatic and depend 
upon the orientation of the substituent dipole and its 
distance from the reaction center, and inductive effects 
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which depend upon the nwnber of and the kind of atoms in 
the chain connecting the dipole with the reaction site. 
Roberts, by means of studies on substituted propiolic acids 
(78) has attempted to evaluate the relative importance of 
field and inductive effects. r, only an inductive efrect 
were operating in the ph~nyl propiolic acidst then the order 
of reactivity for chloro-substituents would be o) m) p) H. 
If only the field effect were operating in the same case, 
then the order would be mrv p ) H) o. Th.e appro.xima te 
equality of meta and para here is explained by the fact that 
fo.-
the larger value of Qjmeta-subatitution should partly compen-
sate for the larger distance of the para substituent from 
the reaction site. The mesomeric effect under the same 
circumstances would give the order o, p > m. The assignment 
of roughly equal resonance effects to the ortho and para 
positions is supported by molecular orbital calculations of 
charge distribution in benzene derivatives (79). The experl-
~e.n~~l.. ·o~Q.e-.l[> .fi(!)Ulld: :P'Y:llRob.erts~:.tbr ehloro-substi tution is 
m l' p > o > H. This order i~ taken as an indication that 
inductive effects are comparable to field effects. 
The order round in this research for chloro-substitu-
tion is H) p i1 o :> m. This order is nearly the same as 
found by Roberts for phenylpropiolic acids. The sign,of 
course, is opposite. The only deviation is the reversal of 
ortho and para. The fact that ortho .and para substitution 
yield considerably greater strengths than meta would seem to 
indicate a considerably effective resonance effect inasmuch 
as the inductive effect would tend to weaken these compounds. 
The field effect would tend to weaken the para compound and 
strengthen the ortho compound. Since no hydrogen bonding can 
be expected, the lower strength of' the ortho-substituent 
must be due to a more powerful inductive effect emanating 
from the ortho position which counterbalances the field effect. 
The orders of strength for both the chloro- and methyl-sub-
stituents are the same whether K1 or Kexp values are chosen. 
The order found for methyl substitution in this 
research is p) o) m )H. 'Ihe order here bespeaks a pre-
dominant inductive effect because of the order m > H while the 
much greater strengths of ortho- and para-methyl suggest a 
fairly strong resonance effect as suggested by Lichtin and 
Bartlett (58). The order p > o in the case of methyl which 
has a field effect of opposite sign, might be explained in 
terms of this latter effect. Thus, the· inductive effect 
would have to play a more prominant role with chloro-substi-
tuefums than with methyl. For both methyl- as well as chloro-
groups the balance of effectiveness between relative field 
I 
and inductive effects is very close as can be seen from the 
closeness of' the respective equilibrium constants and the 
fact that orders of strength may be changed by what appear 
to be slight differences in the relative importance ofthese 
tw~ffects. A very interesting experiment to prove this 
would be to measure the ortho- and the meta- compounds 
1~ 
(chloro- and methyl-substituents) in media or varying die-
lectric constant. Inasmuch as rield errects are arrected by 
changes in dielectric constant and inductive errects are not, 
there is a possibility that the ortho- para order as well as 
the ratio or ortho-para strengths could be used to estimate 
the relative importance or rield and inductive errects. 
EXPERIMENTAL 
Preparation or Compounds 
General Remarks 
Although the compounds used in this research have 
been prepared by one or more groups previously, it .is felt 
that because or the dirriculty experienced in reproducing 
some of the results in the literature~ a description of the 
methods used ror this work along with rererences to the work 
or others would be userul to anyone attempting to make pure 
samples of the compounds described below. At this point it 
is necessary to'state that the guiding motive in these 
preparations was to obtain pure compounds and for this reason 
yields were not considered important. All intermediates and 
starting materials were obtained in the pure state berore 
p~ooeeding with the reaction series whenever this was feasi-
, 
ble. 
Preparation of Intermediates 
1. Starting Materials 
Magnesium was rreshly turned rrom a sample or Dow 
Chemical Company sublimed grade. 
Petroleum ether, ligroin-f, anisole~~ and phenetole·:~ 
were dried over calcium hydride when these solvents were 
used in the Grignard reaction and work up, but were dried 
over fine sodium wire ir they were to be used in the prepa-
ration and purirication or the trityl chlorides. 
Diethyl ether (Bakerts Anhydrous) was dried over rine 
sodium wire. 
Benzophenone·::· was recrystallized twice from 95% 
ethanol and mei-ted at Ll-7.5-48.7° (uncorr.): lit. m.p. 
~.8.5° (25}. 
Ethyl benzoate was distilled and the fraction col-
lected boiled 210-2110 (atmos.): n59 1.5055; lit. b.p. 
211.7-212°, n~9 1.5057 (82). 
Diethyl carbonate was distilled and the fraction 
collected boiled 122-123° ( atmos.) : n_fi0 1.38~-7; lit. b .p. 
126° (atmos.): nfi0 1.3846 (26). 
p-Bromobiphenyr;:- was recrystallized twice from 95% 
ethanol and melted at 88.5-89.50 (uncorr.): lit. m.p. 90-
910 (56). 
p-Bromochlorobenzene-3i- was recrystallized from 95% 
ethanol. 
-3~ Eastman Kodak, Whi:be Label. 
f Eastman Kodak, Yellow Label. 
All liquids were stored over Drierite in glass stop-
pered bottles. Solids were stored in vacuum desiccators 
over calcium chloride and paraffin with the exception of' p-
bromochloropenzene which sublimes easily. This material 
was left in an ordinary desiccator fuver calcium chloride 
and paraffin. 
2. o-Chlorotoluene 
The o-chlorotoluene (student prep.) was washed with 
three 160 ml. portions of 5% hydrochloric acid, 100 ml. of 
water, .four 100 ml. portions o.f 4% potassium hydroxide, 
again with 100 ml. o.f water, dried over anhydrous calcium 
chloride and distilled: n~O 1.5257; lit. n~O 1.5247 (58) .. 
3. 0-ChloDobenzoic acid 
In a 5 1 • .flask .fitted with stirrer and reflux con-
denser was placed 300 g. (1.9 mole) o.f potassium permanga-
nate, 3.5 1. o.f water and 100 g. (0.8 mole) o.f o-chloro-
toluene. The mixture was slowly heated to boiling (.forty-
five minutes) and then allowed to reflux gently .for .four 
hours with continual stirring until the permanganate color 
had disappeared. This was determined by placing a drop o.f 
the suspension on a .filter paper until no ·purple color was 
discernible. The condenser was set .for downward distil-
lation and the mixture distilled until no oil was observed 
in the distillate. This unreacted o-chlorotoluene was 
isolated and used in the ~ield claculation. The residue was 
.filtered by suction while hot and the manganese dioxide 
cake washed with two 250 ml. portions of hot water. The 
clear filtrate was conc~ntrated to 1.5 1 .. by aspirator 
vacuum and heating. To this warm solution was added 125 ml. 
o.f concentrated hydrochloric acid (slowly and with constant 
stirring). The co~led suspension o.f acid was .filtered and 
the solid air-dried and recrystallized .from 300 ml. o.f 
toluene.. The yield was 62.6 g. (76%), melting at lL!-1-142° 
14.8 
(corr.); lit. m.p. 14~0 (59). The yield is based on the 
amount or chlorotoluene consumed. Reported yield was 76-
78% berore recryatallization. 
A second batch was made in exactly the same manner 
but 1.5 times the amountswere used. The yield here was 58% 
due to mechanical loss. 
L~. p-Chlorotoluene 
The p-chlorotoluene (student prep) was treated 
exactly as was o-chlorotoluene (cr. above). The rraction 
collected boiled 160-1620; lit. 162.2° (82). 
5. p-Chlorobenzoi-c acid 
The preparation was carried out exactly as described 
ror o-chlorobenzoic acid except that oxidation required 
about six hours. The yield was 76 g. (73%) or white plates 
melting at 241-242° (corr.); lit. m.p. 243° (60). 
6. m-Chlorobromobenzene 
(a) m-Chloroaniline 
The m-Chloroaniline used was Eastnl.an Kodak, VJhite 
Label. It was puri~ied by distillation rrom zinc powder 
and the rraction boiling at 113.5-114.5° at 20 mm. col-
lected: n~O 1.5932; reported nt0 1.5931 {27). 
(b) Cuprous bromide 
2 cut~ f so3~ f H2~ ---+ 2. 6ut f so4• f 2Hf 
In 1.~ l. or warm water were dissolved 263 g. (2.55 
moles) or sodium bromide and 450 g. (1.8 moles) or' hydrated 
copper sulrate. The solution was stirred while 114 g. (0.9 
mole) of sodium sulfite was added over a ten minute period. 
The precipitated solid was filtered off after the suspension 
had been cooled in an ice bath and was air dried overnight. 
The solid was then dried in a vacuum desiccator over 
phosphorous pentoxide for several hours. The yield of green 
cuprous bromide was 241 g. (93%). The reported yield is 93%. 
(c) m-Chlorobromobenzene 
·~·. ~s~. a,e .C14~t > ~-· '\ ,. G - J A) HBt- d-=1~ 
substance was made in two batches~ where in one 
the amounts were 1.5 times the first and the crude products 
of both were distilled together to obtain the final product. 
Since both batches were made by the same procedure 3 the prepa-
ration of the smaller batch will be desoribedo 
.·A mixture of 127.5 g. (1 mole) of m-Chloroaniline and 
300 ml. of 48% hydrobromic acid was cooled in a 2 lo flask 
with stirrer while a solution of 70 g. (1 mole) of sodium 
nitrite in 125 ml. of water was added keeping the tempera-
ture between ~-8°c. Then a mixture of 79 g. (0.55 mole) of 
cuprous bromide and 80 ml. of hydrobromic acid was heated to 
boiling in a 5 1. 1 three necked flask set up for distillation. 
The flask was also equipped with a dropping funnel and steam 
inlet. The diazonium solution was transferred to the 
dropping funnel in several portions and allowed to run into 
the boiling mixture se t~at a steady boil was maintained 
(required thirty minutes). The steam was then turned on 
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and about 2 l.·of distillate collected. The oil that 
separated was washed with 10 ml. portions of concehtrated 
sulfuric acid until the acid did not become colored~ twice 
with 50 ml. portions of 5% sodium hydroxide and twice again 
with 50 ml. portions of water. The oil.was then left over-
night over anhydrous calcium shloride. Crude yield was· 
170 g.. The combined products were distilled and the fraction 
boiling 191-194° collected. The yield was 4o8 g.. The 
average yield was 86%; reported yield is 91%: n5° 1.5772 
(obs.); reported~ n~0 1.577 (zl). 
7. m-Chlorobenzoic acid 
9Sr + Ms 
QMsBr tC~ 
Cl · · 
) 
(a) A solution of 38.4 g. (0.20 mole) of m-chloro-
bromobenzene in 200 ml. of ether was added to 4.86 g. (0.2 
g. atom) of magnesium over a period of thirty minutes. T.he 
mixture was then refluxed while stirring for one additional 
hour. T'.ae solution was. cooled to room temperature and L~5 g. 
(1 mole) of carbon dioxide was passed through it by means of 
the train sketched belovi. 
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After about one half the carbon dioxide haa been added, 
two layers were observed. Arter all the carbon dioxide had 
been passed through tll.e Grignard reagent the mixture was 
hydrolyzed with 200 ml. of a cold, saturated ammonium 
chloride solution. The organic layer was extracted with 
four 50 ml. portions of 10% sodium bicarbonate and the 
combined extracts acidified with concentrated hydrochloric 
acid. The suspension was cooled and filtered. The crude 
solid was recrystallized from 5oo ml. Sf 5o% ethanol to give 
12 g. (38.%) of pale yellow needles melting at 153.8-15~-·7°: 
lit. m.p. 154-155° (~_6) • 
(b) 1he solid was prepared exactly as described for 
o-chlorobenzoic acid from Eastman Kodak, '1/'Jhi te Label 
m•chlorotoluene to give 70 g. (74%> or off-white solid 
melting at 154.0-154.6°. 
8. Ethyl p-chloroeenzoate 
nQcooH + Ct HsOH 
. . 
H~ ~o., 41-bCH.,~ 
In a 1 1. flask fitted with a reflux condenser were 
placed 250 ml. of commercial absolute ethanol, 150 ml. of 
toluene, 72 g. (0.46 mole) or p-chlo~obenzoic acid'and 5 ml. 
of concentrated sulfuric acid. The.mixture was allowed to 
reflux gently over a period of fourteen hours and was then 
distilled, the distillate being collected over a large 
amount of anhydrous potassium carbonate. The dried distil-
late was then poured back into the still pot. This pro• 
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cedure was repeated twice. The total time required for 
the distillations was ten hours. The residue was dissolved 
in about 50 ml. of ether and washed with two 100 ml. 
portions of 10% sodium bicarbonate solution~ then with 
100 ml. of water and finally left to dry over anhydrous 
sodium sulfate. \Vhen acidified~ the b;carbonate washings 
afforded o.8 g. of the unreacted benzoic acid. The ethere-
al solution was distilled to remove ether, toluene and 
alcohol. The re~idue was vacuum distilled and the fraction 
collected weighed 71.4 g. (84%)and boiled at 128-131° 
(25 mm.) with a bath temperature of 180-185°: n5°•3 (cbs.) 
1.5244; lit. n~0 1.524 ( 2.). 
9• Ethyl o-chlorobenzoate 
(a) The ester was prepared in a manner similar to 
the above procedure except that the mixture was refluxed for 
one hour ~nd the azeotropic distillation required about 
three hours. The fraction collected boiled at 128-131° 
at 21-22 mm. {bath temperature: 150-160°). The yield was 
25ol g. (88.5% calculated on the amount of benzoic acid 
con~umed since 20% of the acid was recovered): fi5.4 
D 20 . 
1.5193; lit. nD 1.523 ( '2.). 
(b) A second preparation where reflux time was in-
creased to four and one-half hours and the azeotropic 
distillations carried out over six hours gave a quanti-
tative yield: ~5.4 1.5191; lit. b.p. 122° (t5 mm .. ); 
b.p. 243° (atmos.) (47). 
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10. Ethyl m-chlorobenzoate 
(a) The ester was prepared as described above 
rerluxing six hours and distilling.over six hours to give 
17.6 g. (71.2~) of liquid boiling 137-l~D0 at 60 ~n. 
(bath temperature: 170-180°): lit. b.p. 130-131° (20 mrn.) 
(~.8) • 
(b) Increasing the rerlux time to twenty four hours 
gave 30.1 g. (81.5~). 
11. 4·4'-Dichlorobenzophenone 
Qt + a.Qooi-1 + ALC~ 
In a·l 1. flask were mixed 80 g. (0.6 mole) alumi-
num chiboride (Al Cl3), 113 g. (1.0 mole) chlorobenzene (b.p. 
129-131°) and 31.3 g. (0.20 mole) of p-chlorobenzoic acid. 
Hydrogen chloride evolution started immediately. The 
mixture was refluxed for six hours and then cooled and 
quenched in 300 ml. or cold 5% sulfuric acid. The organic 
layer was steam distilled to remove volatile substances and 
the curdy residue crystallized from 900 ml. of ethanol 
gi1ling 26 g. of pink solid. Recrystallization from 100 ml. 
or benzene gave 20 g. of pale pink plates melting at 1~.6. 7-
147•7o; lit. 145-147° (73). The yield was 52~ while the 
reported yield was 82~. 
12. m-Chlorobenzonitrile 
0\'IH~ NG.tJ.~ [c;:Nlcl6 C,.~N~ 
Cl HCt I cf Cl . J 
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This was made according to a preparation described 
£oro- and p-tolunitrile (13). Cuprous chloride was made 
by dissolving 188 g. (0.75 mole) of cupric sulfate crystals 
and 50 g. (0.84 mole) of sodium chloride in 600 ml. of hot 
water. To this solution was added a solution of 39.8 g. of 
sodium bisulfite and 26.3 g. of sodium hydroxide in 300 ml. 
of water. The precipitate was washed by decantation and the 
white solid suspended in 300 ml. of cold water in a 3 1. 
flask. Ninety six grams (1.95 moles) of sodium cyanide (97%) 
in 150 ml. of water was added. The reaction was moderately 
exothermic and completion was denoted by the complete 
solution of cuprous chloride. 
In a 2 1. flask 76~6 g. (0.60 mole) of m-chloro-
aniline (Eastman Kodak., -\IIJhite Label) was added to 600 ,g. of' 
cracked ice and 120 ml. of concentrated hydrochloric acid. 
A solution of 42 g. (0.61 mole) of sodium nitrite in 120 ml. 
of water was added at such a rate that the temperature was 
maintained at o-5°. When all the nitrite had been added., the 
solution was neutralized with about 30 g. of sodium carbonate. 
The cuprous cyanide was chilled to 0° and 200 ml. of 
• 
toluene was poured over the surface. The diazonium solution 
was added to the vigorousl~ stirred cyanide solution 
keeping the temperature at 0-5° for an additional half'· hour. 
T.he mixture was allowed to come to room temperature (3hours) 
and then heated to 5oo and allowed to co'Ol overnight. The 
two layers were separated and the organic layer steam distil-
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led. The oil in the distillate was dried over calciUm 
chlor~de and distilled to remove the toluene. The partially 
solidi~ied residue was recrystallized ~rom 25 ml. o~ 95% 
ethanol yielding 25 g. (30% yield) o~ yellow solid. The 
solid was recrystallized ~rom 50 ml. o~ ethanol to give 
22 g. o~ pale yellow crystals melting at 39.7-40.8°: lit. 
m.p. 4o6 (54). 
A. solution of 28.8 g. (0.15 mole) o~ m-chlorobromo-
benzene in 150 ml. o~ ether was added to ~ .• 86 g.. { 0. 20g-
atom) o~ magnesium over a period of thirty minutes. The 
-
ether solvent was replaced by 100 ml. o~ benzene by a pro-
cedure to be described in the section on preparation o~ 
carbinols. A solution o~ 19.5 g. {0.145 mole) o~ m-chloro-
benzonitrile in 100 ml. of benzene was added over a twenty 
minute period to the re~luxing Grignard solution. The 
mixture was then· rei'luxed ~or. tvm hours bei'ore hydrolysis 
wi t;h 150 g. o~ cold, saturated ammonium chloride soluti.on. 
The organic layer was steam distilled to remave. volatile 
impurities and the residue crystallized from aqueous ethanol 
to give 29 g. of crude product. This material was re~luxed 
with 2 g, o~ Norit in 180 ml. o~ 95% ethanol. The mixture 
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was filtered .and cooled to give 18.8 g. of pale green 
crystals melting at 120.5-121.5° (uncorr.). Recrystal-
ization fror.1 200 ml. of 95% ethanol gave 1~_.0; g. (38.5%) of 
almost white solid melting at 124.2-12!~.9°: lit. b. p.l60-
1660 (2 m.m.); m.p. 123.8-124.9°: 77-% yield (3~). 
14. L:-,~-' -Diphenylbenzophenone 
J. ~~-\\_~ + COCl +RLC!s ~ ,iy,t~~t-(nii~=.C=O 
1.. · 1-1,0 '-=-'-~/z 
About 100 g.(l mole) of phosgene was collected in a 
100 ml. flask. The phosgene '"JaS then distilled into ar.one 
liter flask fitted with a stirrer and reflux condener (dry 
ice-acetone "cold finger") and containing a suspension,of 
150 g. (0.62 mole) of an.hydrous aluminum chloride(AlCl3) and 
135 g. (5.876 mole) of biphenyl in ~50 ml. of carbon di-
sulfide. Tne distillation of phosgene into the red sus-
pension required two and one-half hours. The mixture was 
then allowed to stand at room temperature with continuous 
stirring for fourteen hours. The reaction mass was then 
hydrolyzed with 150 ml. of ice water and the pale green 
solid was washed with two 1 1. portions of boiling water 
followed by 500 ml. of boiling 95~ ethanol. The solid 
(123 g., 8~% yield) was filtered and air dried overnight. 
It was then divided into two equal portions which were 
placed into Sox.hlet extraction tubes. (43 m.m. x 123 m.m.). 
The sol·id was extracted with a solution made up of equal 
volumes of acetone and benzene. Part of the solid col-
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lected in the benzene-acetone solution was recrystallized 
from a solution made up of equal volumes of·benzene and 
pyridine and then recrystallized again from toluene to give 
a pale yellow selid melting at 235-237° (corr.): lit. 233.5-
234.50 (1) (3). 
Carbinols 
1. Tri-p-biphenylyloaFb~nol:_;~51 X'-: ILt-} 
3 a.()··{_,+ (EtO\"c.~o t:;;>} Hyd,•oL) (OQ)icoK 
-Sodium dispersion (50% in toluene), obtained from 
National Distillers Products Corporation, was used. To 
38 g. of dispersion, corresponding to 19 g. (0.83 mole) of 
sodium, in 100 ml. of gently boiling benzene was added 
7L! ... 5 g. (0.320 mole) of p-bromobiphenyl and 11.8 g. (0.100 
mole) of ethyl carbonate in 166 ml. of benzene. About ten 
per cent of the halide-ester solution had been added before 
any signs of reaction were apparent. At this time, the color 
of the suspension gradually changed to ~ deep green and 
vigorous reflux was observed. Heat was removed until the 
reaction had subsided whereupGn the heat was reapplied and 
addition continued. From this point addition required one 
hour. The reaction mass was then allowed to reflux for one 
additional hour with constant mechanical stirring. B~this 
time the reaction mixture had thickened to the consistancy 
of a paste and was dirty green. The reaction flask was 
immersed in·an ice bath while 100 ml. of 95% ethanol was 
1.58 
added over a period of one and one-half hours and constant 
stirring was maintained. The resulting suspension of yellow 
solid was steam distilled and the solid residue <42 g.). 
was filtered and air dried overnight. Recrystallization 
from toluene-ligroin gave 20 • .5 g. C!12%) of almost white 
solid melting at 20.5-208° (uncorr.): lit. 208-2le0 (72). 
The reported yield is 39%. 
General Remarks on Preparation of Carbinols. 
· Carbinol preparation was standardized so that the 
following description applies to most of the compounds 
prepared. Pertinent Q.etails are given in tabular form. 
The corresponding halide is dissolved in ethyl ether 
apd the resulting solution is added to freshly turned 
magnesium in equivalent amounts at such a rate as to give 
moderately fast reflux. When addition is complete, the 
Grignard soluti0n is refluxed for one and one-half hours 
and then filtered through glass wool in a nitrogen atmos-
phere. The ether is then removed by heating on a steam 
bath and using aspirator vacuum. Enough benzene, anisole 
or phenetole is then added to give a known volume and this 
solution is titrated. The volume is preferably 100 ml. per 
tenth mole of Grighard reagent. The proper reagent in the 
corresponding solvent is then added to the Grignard solution 
comforming to the previously described volume to mole ratio .. 
Ai'ter addition the mixture is allowed to stand, with 
stirring, at steam bath temperature for four to five hours 
Amounts of l'Taterials Used in Carbinol Syntheses. 
Compound 
1viono-!,)-ehl oro 
1\riono-o-chloro 
Itfono-m-chloro 
Di-p-chloro 
:Ui-p-phenyl 
r.Lri-p-cb.loro 
Amt. of 
Halide 
(moles) 
0.30 
0.50 
o.5o 
o.l:o 
0.25 
0.30 
Vol. of 
Ether 
(ml.) 
150 
500 
500 
500 
150 
200 
Additiona 
Time 
(min.) 
5o 
6o 
60 
~_o 
lr5 I 
120 
Solventb 
Added 
Benzene 
It 
It 
II 
Anisole 
Denzene 
Grignard 
Yield 
d /O 
95 
87 
9L~ 
a. ~ime required for addition of carbonyl compound to Grignard solution. 
b. Solvent used to replace ether. 
c. Molar ratio of Grignard reagent to carbon;Tl compound. 
Gr:tgne.rdc 
Ratio 
1:1 
5:1 
5 •1 .•-
5:1 
3:1 
3:1 
j-1 
\J1. 
'-.0 
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·or at room temperature for twelve to fourteen hours. The 
times are considered to be rou$hly equivalent for allowing 
the reaction to go to completion. The solution is then 
hydrolyzed with 1~0 g. of cold, saturated ammonium chloride 
solution per tenth mole of Grignard reagent. The organic 
layer is steam distilled to remove solvent and volatile 
impurities. 
From this point the compounds varied in behavior and 
the treatment was varied accordingly. Therefore details will 
be given under compound. headings. 
2. Mono-p-chlorophenyldiphenylcarbinol (64) 
This was made by the addition of p-chlorophenyl-
magnesium bromide to benzophenone. 
The residue from steam distillation was taken up in 
400 ml. of ethanol and refluxed with 4 g. of Norit for one 
hour. The ethanol was removed after attempting to obtain 
crystals and the yellow oil dried by azeotropic distillation 
with benzene. All solvents were removed and So ml. of pe-
troleum ether was added to the residue. Yellow solid was 
obtained when the mixture was cooled while stirring vigor-
ously. The solid was triturated with 100 ml. of petroleum 
ether and washed with an additional 200 ml. of the solvent. 
The solid (43 g.) was recrystallized from 90% methanol to 
give 20 g. of pale yellow crystals. This material recrystal-
lized from ligroi~-petrolewn ether (1:5) gave 5 g. of a 
white crystalline solid melting at 80.1-80.5°. Recrystal-
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lization from 20 ml. of petroleum ether-methylene chloride 
(5:1) resulted in fine white crystals melting at 8L!-·8-
85.50: lit. m.p. 85° (20). 
~lso 
This compound was{prepared by adding phenylmagnesium 
bromide to ethyl chlorobenzoate in anisole solution. The 
yield was somewhaj; lower than above. 
3. 2dono-o-chlorophenyldiphenylcarbinol ( 6~-) 
lhis was made by the addition of phenylmagnesium 
-brom.i de to e thyl-o-chlorobenzoate. 
The residue from steam distillation was taken up with 
100 ml. of ligroin-petroleum ether (1:1) and dried over 
anhydrous potassium carbonate. On cooling, this solution 
yielded 19 g. of light brown crystals. Recrystallization 
from 50 ml. of ligroin gave 15 g. of pale yellmr.1 crystals. 
This product was refluxed with 50 ml. of ligroin and 3g. of 
Norit for one and one-half hours and 11.5 g. of VJhit·e · 
crystals melting at 91.5-92.0° was obtained when the 11-ixture 
was filtered and cooled: lit. m.p. 91-92° (30) o 
Attempts were made to prepare this compound by two 
other methods. In both cases phenylmagnesium bromide V!as 
added to ethyl chlorobenzoate. One experiment was car·ried 
out in ether ·while the other was carr1ed out in anisole 
solution. Doth experiments yielded oils which would not 
crystallize. 
~-. I'.Iono -m-cl.1.l orophenyl diphenylcarbi nol ( 6!1.) 
Ihis was made by the addition of phenylmagnesiulJI. 
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bromide to'.I~:thylrjn~qhlorobenzoate. 
The residue from steam distillation (yellow oil) was 
refluxed vJi "th 50 rnl. of lic;roin and 3 g. of N'ori t for one 
hour. The solvent woo remaved and the viscous yellow oil 
was Cl"ystalli zed as follows. The oil was divided into\tb.ree 
equal portions and to each portion was added an almost equsl 
vol.ume of acetic acid. The solution was then cooled by 
placing the beal1:er in 'a dish of dry ice and stirring vigor-
ously. Vfuen the mass had partly frozen and taken an a 
' 
granuiar appearance, small portions (2-3 ml.) of petroleum 
_ether were added while stirring vigorously. Generally the 
solid carbinol was formed at ·this point. The yield by this 
method was low but the method proved to be the only one 
which aff'or.ded solid material. The solid (10 g.) was re-. 
crystallized !'rom 5o ml. of petroleurr,L ether to give pale_ 
yellow solid melting at 52-53.5°: lit. m.p. 53-55° (64). 
An attempt was made to prepare this compound by 
adding, m-chlorophenylmagnesiwn l:?romide- to benzophenone in 
ether. An oil was obta~ned which did not crystallize when 
the crystallization procedure described above was used. An 
attempt to obtain the p-nitrobenzoate ester of the carbinol 
also failed. 
5. Tri-p-chlorophenylcarbinol (24) 
This was made by the addition of' p-chlorophenyl-
magnesiwn bromide to ethyl carbonate. 
The semi-solid obtained from steam distillation was 
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taken up in 95% ethanol and rerluxed with 2 g. of Norit ror 
two hours. \Vhen no crystals were formed in the solution, 
the ethanol was replaced by 75 ml. or ligroin and 13 g. (29%) 
or pale yellow crystals me::'¥!tin:g:_a:~ :"9:2:'-.94,()_cw_as1_:;0_d);:-;t.ec:tf3~f--
-,1 ,) 
jl • The crystals were rerluxed in 75 ml. or 95% ethanol 
containing 3 g. or Norit ror two hours, riltered and cooled. 
A pale yellow crys~alline solid (8.5 g.) was obtained which 
melted at 95.2-96.0°. A further treatment with 4o ml. of 
ethanol containing 3 g. or Norit resulted in almost pure 
white crystals (3.5 g.) melting at 95.6-95.8°: lit. m.p. 
98° (24). 
6. Di-p-biphenylylcarbinol (3) 
Phenylmagli~~IB!i.1!lrd lv:nl2ll~-de~e'IM_aS;oaQ.ge;d -t,o_:::Jt,,~~rliil~pl%~n.y'D-
The residue rrom steam .distillation was taken up in 
benzene and the solution conc.entrated to 50 r{]l.. To this 
solution was added 40 ml. of ether. The solution was 
cooled and 16.4 g. of white. solid collected which melted at" 
153.4-154.6°: lit. 151° (80). 
An attempt to prepare this compound by the methDd 
described ror the tri-p-phenyl derivative failed. A solid 
mass was obtained from the reaction mixture but no carbinol 
could be isolated. The composition of the mass was not 
investigated further. 
7. Di-p-chlorophenybphenylcarbinol (65) 
This was made by the addition or phenylmagnesium 
bromide to )~ ,l~r -dichlor>obenzophenone. 
'Ihe residue f'rom steam distillation was taken up in 
50 ml. of' ligroin (60 -900) dried over anhydrous magnesium 
' .. 
'o 
sulfate and filtered. The f'iltrate was ref'luxed with 3 g. of 
Nori t for one hour, f'il tered and cooled. W'.a.en an oil separated 
which could not be crystallized, the solvent was removed 
whereupon a small crystal was f'ormed- The viscous oil was 
diluted with 5 ml. of petrole~ ether to reduce its vis-
cosity and recrystallization was seen to occur. At the end of' 
six hours the suspension \l?as .filtered and afforded 9.0 g. of' 
ycllov.' soli d. The solid was treated twice with 50 ml. of 
petPoleum. ether-ethanol ( 9:1) containing 2 g. of Hori t. Tl1.e 
final colorless fil·tl ... ate f'ro'~il these trcaJc1ents vri th l'JoPit 
precipit9.ted. 5.5 e;. (ll:%) of white crystals ·which melted at 
87.7-83.70: lit. m.p. 87-88° (31) o 
SeveP8.l other' attempts were ::1ade to prepare this 
de;r>ivative. p-Chiorophenylmagnesium. bromide was added to 
ethyl benzoate in a 3:1 aolar ratio in ether to o'ote.in a 
non-c:vys tallizablo oil. Addition of' the sal!l.e reagents in 
benzene gavG sinilar results.in spite of' the f'act that a 
95~~ yield of Grigne.rd reagent was obtained. T'De oils fro'!:!l 
these experiments VJere extracted with sulfuric acid in the 
hope t:1.at a separation. of il"1j_:mrities could be effected but 
this :failed. Dilution of' the sulfup:tc acid layer vd.th v1ater 
apparently gave back the origine.l oil. Cl1.romatographic 
sepaPation was also unsucces:J.f'ul. Attempted preparation of' 
the p-nitrobenzoate ester also failed. 
The tri-:'!1-chloro derivative was not obtained as a 
solido Addition of m-chlorophenylmagnesium bromide to ethyl 
carbonate in s. L; :1 molar ratio gave a non-crystallizable oil. 
V:J.1.en the same reagents were reacted in benzene, the sam.e 
result was obtained in spite of the fact that an 87% yield 
of the Grignard rea.:;ent was obtained. The oil, \"!hen treated 
\"..ith acetyl chloride, did give a small amount of impure 
chlorometl1.ane. 
Attempted preparation of the di-m-cl:lloro derivG.tive 
by the addition of m-chlorophenylmagnesium chloride to ethyl 
benzoate also yielded an.oil. ~~en the same reaction was 
carried out in anisole, the same result was obtained in spite 
oi a·' 92% yield of Grisnard reagent. An attempt was also. 
made to distill the oils obtained. The best vacuum used was 
about 0.1 mrn. of mercury. 
not distill at over 250°C. 
Even at this pressure, the oil did 
The attempted distillation was 
discontinued when the oil began to decompose noticeably. 
At this point it should be noted that all of the com-
pounds prepared in this research were not measured by the 
author. Tne only exceptions were the di-p-chloro-, 
_ di-p-phenyl- and tri-p-phenyl derivatives. 'Ihe first was not 
meas~ed because of the inability to obtain pure chloromethane. 
The other two compounds were measured by Dr. Lichtin and the 
results haye been published (60). By completing the mono:,· 
di- and tri-substituted para series, it was hoped that the 
additivity of substituent effects could be demonstrated. 
IIowever, the tri-p-phenyl derivative proved to be too strong 
an electrolyte to afford a precise enough equilibrium constant 
with the methods ~sed in this research. 
Chloromethanes 
General Remarks 
The procedure employed for the preparation of' chloro-
m.ethanes was the same f'or all compounds except the mono-o-
methyl derivative. In the latter case, gaseous hydrogen 
chloride was used rather than acetyl c2loride. 
The pure carbinol was ref'luxed with a large excess of' 
acetyl chloride f'or a period of' about one hour. ~e solution 
was filtered and varying amounts of non-solvent were added 
to promote crystallization. ~1e precipitated crystals were 
then filtered as described below. The collected crystals 
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were then trans.ferred to a drying apparatus and all traces 
o.f solvent removed be.fore the analysis .for hydrolyzable 
chlor.ide W/!S performed. I.f the chloromethane was .found to 
be impure, the procedure was repeated until a sample was 
.found to have the desired specificfltions. 
Filtration 
All glassware which vame in contact with chloro-
methanes or their solutions was treated as .follows. The appa-
ratus was .first soaked in a hot sul.furic-nitric acid bath 
.for. one hour .followed by extensive rinsing with tap water. 
The rinsed glassware was then soaked in ten percent ammonium 4f 
hydroxide .for one hour .followed by extensive rinsing with 
distilled water. The glassware was then dried at 120° before 
use. 
Before the assembled apparatus was used .(Fig. 52) 
it was .flushed with a slow stream (about .five centimeters o.f 
mercury pressure) o.f dry nitrogen . .for about thirty minutes 
to displace any air in the system. The amount o.f nitrogen 
passing through the system may be increased very markedly by 
applying a small aspirator vacuum to the lower adaptor. 
The sample o.f suspension to be .filtered was poured 
into the .filter stick and the wash liquid was poured into 
the .funnel. These operations were carried out with a rapid 
stream o.f nitrogen .flowing to eliminate any possible 
contact o.f the suspension with the laboratory atmosphere. 
The wash lilfUid r::.P'IflaS;c used in as many portions as 
.....;-.-__,...,.;.-Aspira.t or 
Fi ltra.t\on Appa..ra.tus 
Flg~re52 
desired. All joints VM"!I7e .free o.f any lubricant to avoid 
possible contamination. 
The nitrogen-dried solid was then dried .further in 
an Abderhalden drying apparatus at 35° and 0.1 mm. pressure 
.for twelve hours. Para.ffin and sodium hydroxide pellets 
were used as drying agents in the Abderhalden apparatus. 
The acetyl chloride used in the subsequent prepa-
rations was in avery case .freshly distilled .from dimethyl-
aniline through a 90 em. column packed with glass helices. 
Melting points were determined with AnschUtz ther-
mometers. 
1. Tri-p-biphenylylchloromethane 
The carbinol (5.0 g.) was re.fluxed with 5o ml. o.f 
benzene, 10 ml. o.f petroleum ether and .five milliliters o.f 
acetyl chloride .for one hour. The solution was .filtered 
and cooled. The violet crystals which precipitated were 
recrystallized .from 10 ml. o.f methylene chloride-petroleum. 
ether solution (2:1) •. The pale violet crystals (1.2 g.) 
melted at 197.2-198.4° giving a deep violet melt: lit. 
m.p. 195° (80). 
Results of analysis .for hydrolyzable chloride will 
be .found in Table 22 .for this compound as well as .for all 
other chloromethanes. 
Anal. Calc • .for C37H27Cl: C, 87.64 H, 5.37. Found C, 87.5 
H, 5.5 .~~ 
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2. Di-p-biphenylylphenylchloromethane 
The carbinol (3.0 g.) was refluxed with 25 ml. of 
benzene-ether (1:4) plus five milliliters of acetyl chloride 
for thirty minutes when the resulting solution was filtered 
and cooled. ~~en crystals failed to appear after four days, 
the volatile solvents were removed by aspiraton vacuum and 
five milliliters of petroleum ether added. The precipitate 
was triturated with petroleum ether and dried. The pale 
purple solid was recrystallized from 25 ml. of petroleum 
ether-methylene chloride solution (4:1) containing four 
drops of acetyl chloride. On cuncentra~ing the solution to 
half the original volume, a pale violet, crystalline solid 
was obtained which melted at 136.1-137.0° to give a deep red 
melt: lit. m.p. 131.5° (80). 
Anal. Calcd. for C31H23Cl: C1 86.39; H, 5.37• 
Found C, 86.1; H 5.1..~~~-. 
3. Mono-p-chlorophenyldiphenylchloromethane 
The carbinol (4~75 g.) was refluxed with 10 ml. of 
petroleum ether-acetyl chloride solution (1:1) for one houe. 
The resulting solution was filtered and cooled to yield 
Analyses marked by a single asterisk ( ~1-) were carried out by 
Dr.C .K. Fi tz., Needham., Massachusetts {semi-micro); anal·yses 
marked by a double asterisk were carried out by Dr.K. Ritter, 
Basel 2, Switzerland (micro). 
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3.~. g. of white solid. The crystalline material was re-
crystallized from 25 ml. of. petroleum ether and 2 ml. of' 
methylene chloride. The s·olid (1.5 g.) was finally recrystal-
lized :from 1.5 ml. of petroleum ether containing :five drops 
of' acetyl chloride to give white crystals melting at 88.8-
89.70: lit. m.p. 87-88° (64). 
Anal. Calcd. for C19H14Cl2: C3 72.85; H, 4.50. 
Found C, 72.7 H, 4 .. 5~B:-. 
4. Mono-o-chlorophenyldiphenylchloromethane 
Six grams of carbinol was refluxed with .5 ml. of 
petrolemn ether, 3 ml. of acetyl chloride and 9 ml. of 
benzene for one-half hour. The solution was filtered and 
cooled. ~~e precipitate w~s collected.and washed with 30 ml. 
of' cold petroleum ether. The solid was then triturated with 
about 10 ml. of petrolema ether and the suspension flLtered. 
viihen drieS., the solid melted at 135.3-136c;>: lit. m.p. 133-
134° (6~). 
Anal. Calcd. for C19H14Cl2: C, 72.8.5; H, !~.5010 
Found C, 72.7 H, L!··~-·~i'-;} 
5. l\lfono-m-chlorophenyl diphenyl chloromethane 
The carbinol (5.0 g.) was refluxed with L~. ml. of 
methylene chloride-petroleum ether solution (1:1) containing 
2 ml. of acetyl chloride for. one hour. The solution was 
filtered before l! ml. of petroleum ether was added. VJhen no 
solid was obtained after *wo days, most of the solvent was 
removed by aspirator vacuum and 2 ml. of petroleum ether 
],.70 
added. The precipitated s.·olid (0 .. 95 g.) was collected in 
the ustialmanner and melted at 58.0-59.6°: lit. m.p. 55-
57° (64). 
Anal;;~ Calcd. for c19HlL:_cl2 : C, 72.85; H, LJ .• 50. 
Found C, 7 2. L;. H, L. .• 8-::-·::-. 
6. r.Iono-o-methylphenyldiphenylchloromethane 
-rhe f;arbinol {LJ .• 8 g.) obtained from Dr. Lichtin of this 
laboratory was recrystallized from 35 ml. of 95j; ethanol. 
The precipitated white crystals U1.1 g.) melted ·at 97.L.--
97.80: lit. m.p. 98° (10). 
The pure carbinol was dissolved in the least amount 
of diethyl ether (about 30 ml.) i_n a 50ml. flask fitted 
vvith a reflux condenser and gas inlet tube. The system was 
open to the atmosphere through a calcium chloride drying tube. 
When all the carbinol had been dissolved, a weighed 
amount of Drierite (1.3 g. Drierite per gram of carbinol) 
was added. Anhydrous hydrogen chloride, prepared as de-
scribed by Fieser (23), was then passed tb.:r>ough the carbinol 
solution by means of the gas inlet tube. The solution was 
then refluxed for one hour before filtering. 
The precipitated solid was recrystallized twice from 
diethyl ether and afforded white crystals (1.6 g.) melting at 
138.6-139.5°: lit. m.p. 135° (66). 
Anal. Calcd. for c20H17cl: C, 82.03; H, 5.84. Found 
C, 81.8; H, 5.9.* 
7. Tri-p-chlorophenyl ~nlor:opiethane. 
The. carbinol (5.9 g.) was refluxed for one hour with 
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10 ml·. of' a solution of' acetyl chloride and petroleum ether 
(1:1) and cooled. The cold solution precipitat;ed~3 •. 6 g. of' 
small white crystals. These crystals were collected in the 
us.uaL:_nfanner-:·anrl~ v..rithG:nJ.t: Peorys·~~llli:za ti Qn mel ted at 110.6-
Lo . 111. !- and gave a satisfactory hydrolysis analysis. The 
reported melting point is 113° (5). 
Anal. Calcd. for c19H12cl4 : C, 59.72; H, 3.17. 
Found c, 59.4; H 1 . 3.5;~H~ 
Analysis Pracedure 
All the chlorides used in this work were analyzed f'or 
hydrolyzable chloride along wi.th micro carbon-hydrogen analy-
sis. The hydrolyzable chloride determination was carried 
out in this laboratory and will be discuss~d below. 
The sample (80-150 rag.) to be analyzed was weighed in 
a 5o ml. glass stoppered Erlenmeyer flask. To the sample was 
then added two milliliters of benzene and the closed flask 
gently swirled until all the s.olid had dissolved. 'When so--
lution of. the sample was complete, ten milliliters of absolute 
ethanol was added. Tae mixture was well mixed and ten milli-
liters of' tenth normal sodium hydroxide wes added. The re-
sulting mixture was allowed to s·(iand f'or one hour with oc-
casional swirling. At the end of' this time the excess sodium 
hydroxide was titrated using tenth normal hydrochloric acid. 
A ten mill-iliter burette was used to make it possible to read 
the volume of acid added to within ~.01 ml. One dro~of phenol-
phthalein (1~ in ethanol) was used as indicator. 
This method was chosen over a previous method (61) em-
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ploying silver nitrate and usirig the Volhard method for de-
termining chloride (88) because of' the exceptionally sharp 
end point and subsequent reproducibility bf' the determi-
nations. An obvious limitation to this method is the size 
of' sample which must be used. The use of dilute standerd 
solutions was found to create too much error. 
The method as described is capable of determining 
hydrolyzable chloride to about two-tenths percent. All 
volumetric glassware should be calibrated since 0.01 ml.of 
tenth normal solutions corresponds to about 0.1% in the 
procedure as described. The pertinent glassware used in 
this research was calibrated by weighing the amount of water 
discharged. 
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Table 22 
Summary o:r Chloride Analysis {Hydrolysis). 
Compound Theoret. Found Mean ·No. o:r 
.%Cl %Cl Deviation Det •ns. 
Unsubsti tu ted 7~ 12.72 12.68 .038 2 
Tri-p-phenyl 6.99 6.98 .025 2 
Di-p-phenyl 8.23 8.26 .021 2 
Tri-p-chloro 9.28 9.26 .046 3 
Mono-p-ch1oro 11.32 11.38 .o56 2 
Mono-o-chloro 11.32 11.28 .034 3 
Mono-m-chloro 11.32 11.30 .023 2 
~~~ Mono-o-methyl -.~r 12.11 12.14 .036 3 
-3~ Supplied by H.P. Le.ftin1 this laboratory. 
-3H~ Carbinol supplied by Dr. N.N. Lichtin, this laboratory. 
Apparatus· 
Sulfur Dioxide 
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The sulfur dioxide used in this research was trade-
marked ttExtra Dry EsoTod' by the original supplier,. The 
Virginia Smelting Company of West Norfolk, Virginia. The 
gas was what is generally considered a refrigerant grade. 
This material is 99.988% so2 con~aining 0.002% moisture 
and 0.1% non-condensable ~ases according to the suppliers 
data sheet. (59). 
Bridge 
The bridge used in making the resistance measurements 
was the same as that used by Glazer (59) and later modified 
by Leftin (56) with the exception that an additional decade 
capacitor was wired into the circuit in parallel with. the 
variable condenser described by Glazer. 
Measurements were made in every instance at a 
frequency of 2000 cps and at an intensity setting of the 
audio frequency oscillator of 5o. Maintaining constancy 
in these two resp~cts resulted in a more satisfactory repno-
ducibility and precision of the data. Tae usual ~~e~i~i~Th 
~zceptable was about one tenth percent, although under 
favora~le conditions, precision of resietafice measurements 
approached one hundredth percent. 
Calibration or Cell (Cell #2) 
Electrode Bulb Volume at ooc. 
175 
The electrode bulb volume was determined with water 
at 0°C by a modification of the method used by Glazer (28). 
A weighed amount of water was introduced into the dry cell 
by means or a specially constructed weighing bottle (see 
Fig. 5'!1) and the whole cell was immersed in an ice bath 
until temperature equilibrium was established. At this 
point the cell was evacuated with a water aspirator and the 
r cell closed orf by means of a pinch clamp. It was found:-that 
evacuation facillitated the volume determined by making 
distillation of water outside the electrode bulb, F~ more 
rapid and complete. The electrode arm of the cell was then 
immersed in an ice slush in a four liter Dewar flask and all 
the water in the cell allowed to distill into the electrode 
bulb, F. R~en temperature equilibrium had been attained the 
meniscus level was read on the calibrated stem, D, above the 
electrode bulb and the procedure repeated. The results of 
four determinations are listed below in Table 23. 
Figure .53 
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Table 23 
Electrode Bulb Calibration Data 
Wt. of Water 
Introduced 
g. 
45.4895 ~-6.0551 
4.5.7~-64 
44-4952 
Vol. of Water 
Introduced @ ooc 
ml. 
45.495!~ 
46.0611 
45.7523 
41~·5010 
Average 
Dilution Bulb Volume 
Vol. Reading Vol. Reading 
of Cell Extrapolated 
ml. to !1-6 .000 ml. 
1.000 
0 .~-30 
0. 7~-0 
1.990 
value: 
o.491 
o.492 
1.491 
o.495 
The electrode arm containing a sufficient amount of 
water to fill the dilution bulb, E, was imrnersed in an ice 
slush in such a way that ~he dilu~ion and electrode bulbs, 
F, were completely covered by the slush. When temperature 
equilibrium had been attained, the cell was taken out of the 
slush and quickly rotated in a clockwise direction so that the 
dilution bulb, E, was filled to the mark. The excess water 
was allowed to flow into the distillation arm of the cell, 
G, whereupon the electrode arm was again immersed in the ice 
bath. The distillation bulb, J, which conte.ined the excess 
water, was surrounded by a beaker containing cracked ice to 
prevent distillation into the electrode bulb. A weighed 
amount of water was then added to the electrode bulb, F, such 
that the meniscus was somewhere on the calibrated stem, D. 
When temperature equilibrium had be-e~ re-ached, the poai tion 
of the meniscus on the scale was determined. The water 
a_dJl.ering to the walls of the cell was not distilled into the 
electrode bulb during the six determinations tabulated below. 
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Table 2L•_ 
Dilution Bulb Calibration Data 
Wt. of Water Vol. of Water Vol. Reading Vol. of 
Introduced Introduced @ ooc of Cell Dilution 
g! ml. ml. Bulb ml. 
16.2072 16;.209 2.05 28.233 
17.5187 17.521 0.79 28.181 
17.2388 17.241 1.03 28.221 
17.2792 17.281 0.92 28.241 
17.3493 17.352 1.90 28.2 _o 
1.01 28 .. 286 17.2936 17.296 
Average value 28.21:j.;!.o3 ml. 
Cell Constant 
Because cell constants were determined by using two 
sets of standard data (51) (L:-4) a sample calculation will _ 
be given f~Q each of the two methods. Tne actual technique 
of measurement is the same in both cases. 
Potassium Chloride (Baker•s, Reagent Grade) was 
recrystallized three times from distilled water and then 
dried in an Abderhalden vacuum drying apparatus at 80°C 
(refluxing benzene) and about 0.1 mm. Hg pressure for 
twelve hours. Potassium hydroxide pellets were us·ed as 
drying agent in the apparatus. The dried salt was stored in 
a desiccator over calcium chloride. 
Conductivity water was actually distilled water from 
a Barnstead still used in this laboratory routinely for the 
preparation of distilled v1ater. This water gave a specific 
conductance ·of about 7 x 10""7 o;h.rn-1 cm-1 and this is as 
good as most of the conductivity water used (15) although 
Kohlrausch and Heydweiller (52) reported a preparation 
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which gave a specific conductance of only L~.3 x 10-~ · ohm-1 
cm-1 at 18°C. 
Procedure: 
About 1.5 1. of conductivity water (cf. above) was 
collected in a 2 1. flask which had contained nothing but 
conductivity water for over three year~. Some of this was 
used for the determination of water conductance while the 
remainder was used for making up the solution of potassium 
chloride in question. Thus, the same water was used for 
solvent conductan~e as was used for solution conductance 
eliminating any possibility of error being introduced 
because of changes in the purity of the water from one 
batch to another. 
The potassium chloride was weighed in a closed 10 ml. 
flask and washed into a one liter volumetric flask with 
conductivity water. 1Enough water was then added to the 
flask to give the proper weight of ·solution and the concen-
tration determined. Jones and Bradshaw <44) give 0.00077364 
ohm-1 cm-1 as the specific conductance of a solution of 
0. 7L!-.5263 g. pf potassium chloride in 1000 g. of solution 
at ooc. This concentration was approximated as closely as 
possible and was found to be 0.745.56 g. KCl/kg of solution. 
All weights are corredted to vacuum in this work as well as 
in the data of Jones & Bradshaw. The molecular weight of 
potassium chloride used in these calculations, 74 • .557 1 was 
taken from the 19.52 Table of Atomic Weights. 
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Resistance measurements were carried out in an oil 
thermostat at 0.01° i. o.Ol°C by adding enough potassium 
ch'1oride solution to f'ill the electrode bulb and allowing 
the solution to attain temperature ·equilibrium. This pro-
cedure was repeate~ until five nearly constant readings of 
resistance were obtained with ffuve succesive aliquots of 
solution. The same procedure was used for the solvent re-
sistance. ~ben Jones' solution was used1 it was ne~essary 
to place a frequency and temperature independent resistor in 
series with the cell in order to have a measured.4resistance 
over 1000 ohms. This standard resistor was measured sepa-
rately each time a reading of the solution resistance was 
taken. The value of the standard resistor was substracted 
from the total resistance to obtain the cell resistance. 
The C:f~J_~'T(}.i!fl:ilb·t~ conductance of the above described 
Jones solution was calculated as follows. 
k • (7.7364 x 10-~-) (.74556/.745263) = 7.7396 x 10-4 mhos/em. 
This calculation assumes that the equivalent conductance is 
constant over the small difference in temperature (< 0.010) 
and concentration. 
The resistance of the solution was f'ound to be 257.6 ohms 
Cell constant= k R = (257.6)(7.7396 x lo-4) = 1994 cm-1 
k = e.1~94 7 009 1o-7 hm -1 -1 H20 2.8~5 x 105 = • x o s em 
k = ( 7. 7396 f .oo7) x lo-4 = 7. 7L!_66 x lo-4 
Cell constant= (257.6) ~7.7~.66 x lo-4) = .1995 cm-1 
It is obvious at this point that a further approximation 
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will yield an identical cell constant within the precision 
of these measurements. 
Thus far the calculations have been based upon the 
data of Jones & Bradshaw. The calculation for cell cons.tant 
determination using dat~ of Kohlrausch is very similar but 
because of apparent ambiguity in the literature the details 
will be given here. 
A ·solution was made up as close to 0.001 M ( 0.001 
molar at 0°C) as possible using the same molecular weight 
(74.59) for potassium chloride as that used by Kohlrausch. 
The equivalent conductance given bt Kohlrausch for 0.001 M 
potassium chloride at 0°C is 79.7 mhos cm2 mole-1. In this 
' 
work it was assumed that the concentration of Kohlrausch 
.solution was 0.001 Mat ooc. Thus, the concentration of the 
·corresponding solution used in this work was determined by 
weighing out the proper amounts pf potassium chloride and 
water to give 0.001 Mat 0°0. All weights were corrected 
to vacuum. The calculation then followed exactly as de-
scribed above for the Jones solution. 
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Thermor~ulator 
The use of a som~what different type of relay has 
made it advisable to describe in some detail the construction 
and operation of the thermoregulatoD used in this research. 
The relay used is a Thermocap Relay, Laboratory Model, 
manufactured by the Niagra Electron Laboratories, Andover, 
New York, operating on a different principle than the 
con~entional type in. that it is ac.tivated by small changes 
in capacitance rather than off-on contact with a mercury 
thread. One advantage was immediately obvious in the 
absence of electrical contact with mercury which ordinarily 
resulted in sparking and subsequent loss of setting. 
The change of capacitance utilized is that which 
arises between. a capillary tubing with and without a 
mercury thread. Thus it might seem that a thermometer might . 
. be used as a regulator such that the relay would have the 
power on while the mercury thread was below a metal clip 
(see Fig • .5!i) and would turn off the power when the mercury 
reached the bottom of the clip. For regulation of tempera-
ture to one-tenth degree a suitable thermometer couldobe used 
successfully. However, one-h~ndreth degree control would 
require a very special thermometer and that is essentially 
what has been built as a thermoregulator for this work• 
The sensitivity of the instrument is directly pro-
portiona.rt. to the size of the mercury thread and the change 
in height resulting from a temperature change. The design 
Fiqure s~ 
Overf'low Trap 
T 
/Octn 
1 mm I. D. 
Thermoregula.t or 
t.5cm. l.D. 
.• 
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o:r the regulator was there.fore detePmined by the necessity 
of having a sizable change in height for a small change in 
temperature and by the equally impontant requirement of 
having a rather· large column of mercury. 
Toluene was chosen as the.bulb liquid because of its 
ease of purification, low melting point and high coefficient 
of cubical expansion {about ten times that of mercury). 
There was onedrnwback to using toluene in its low thermal 
conductivity which resulted in lag when there we.ne sharp 
temperature changes. This difficulty was compensated for by 
careful adjustment of heat input and output in the thermo-
stat. The regulator, construction of which is described 
below, has proved capable of maintaining a temperature 
setting within a one hundreth degree range for extended 
periods of time with only a minimum of adjustment. The 
regulator as described has made it possible to reset to 
any desired temperature to within .oo5oc in a very-short 
time {one.hour) over a nine degree change. 
Construction of Thermoregulator. 
The bulb was made from 1.5 em. (I.D.)· tubing to hold 
approximately 100 ml. of liquid. The shape of the bulb was 
not important except that the length of bulb nearest the 
stem had to be made so that the lower part of the stem and 
the bulb formed a nun in order to have a head of mercury in 
the bulb. If insufficient mercury had been stored in the 
bulb, then higher temperatures would have resulted in 
18L~ 
expansion of' toluene into the stem and loss of' the mercury 
thread. Use of' a toluene thread would have deureased the 
sensitivity of' the device because the dielectric constant 
difference between glass and the thread substance should 
be as great as possible. The shape of' the rest of the bulb 
is determined only by the physical shape of the container 
into which it must be placed. 
The stem was constructed to allow two temperatures 
to be set at one filling of' the regulator. The main body 
of the stem was made from 1 mm. (I.D.) capillary tubing 
with a four centimeter section of' o.5 em. (I.D.) tubing 
welded into the calculated position. This was considered 
to be approximately the right volume to allow a nine degree 
change. The volume was carefully set by blowing out or 
collapsing the 0.5 em. tubing until it corresponded to a 
nine degree change by trial and error •. Therefore 1 the 
regulator can be set and used for any two temperatures about 
nine degrees apart simply by adding or removing mercury. 
To set the regulator at ooc and -8.9°C the stem was 
set in an upright position and the overflow trap attauhed 
to an aspirator. Mercury was added to the joint at the 
bottom of' the stem and the aspirator vacuum, controlled with 
a fine bleeder valve, increased at such a rate as to allow 
the addition of mercury to be made without breaking the 
rising column of mercury. The metal was added until the 
column reached the overflow trap (as high as would be 
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supported by the aspirator vacuum). The bulb was filled 
with toluene (purified) and a thick layer of toluene was 
placed over the mercury pool in the joint at the bottom of 
the stem. If the bulb was filled with toluene at a tempera-
ture lower than room temperature, then it was possible to 
join the bulb and stem without the introduction of air 
bubbles. This was done by making contact between the parts 
just as a drop of liquid was hanging from the bulb at the 
mouth of the joint. This joint was lubricated with 
Non-Aq~~, a lubricant insoluble in aromatic solvents. The 
Regulat.or was then immersed in a bath of cracked ice so· that 
the bulb was completely covered. Enough mercury was removed 
so that 0°C correspond no about the center of the 10 em. 
section of' capl.!.iary tubing above the nine degree resevoir. 
For the lower temperatures ·mercury was added so that -12.5°C 
corresponded to about ·the same position as 0°C had prevfuously 
and the lower temperature was automatically set at -12.6°C. 
Adjustment Device. 
The exact Deproduction of a desired temperature 
setting was made with the aid of the device pictured in Fig. 
55.. The main body of the device was cut f'rom hard f'iber 
board while the moving arm was cut from hard rubber. Since 
the supporting rod is of metal it was necessary to make the 
body from an insulating material. The materials used were 
chosen because of their availability and ease or handling. 
~~ Supplied by Fis:cher Scientific Company., New York. 
To Relb.y 
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The setting was obtained by moving the whole device~ 
arter loosening the coarse adjustment screw, to approxi-
mately the right position. The thermostat bath is cooled 
or heated so that the mercury column moves to the right 
position. The device is secured at the appnoximate setting 
and rine adjustments made by raising or lowering the moving 
arm by means of the rine sdjustment screw. Most daily 
changes in temperature can be compensated ror by means or 
rine adjustment. 
A rubber band was used to keep the moving arm tightly 
against the fine adjustment screw. The rubber band served 
to eliminate fluctuations due to vibrations created by the 
moving parts of the thermostat. 
Technique or Measurements 
At the end or a run the solute-free sulfur dioxide 
was poured rrom the electrode bulb~ F~ to the distilling 
bulb~ J. The cell·was supported in a hood and a very hot 
gas-oxygen flame applied to the connecting arm~ K, at the 
point~ L. The internal sulrur dioxide pressure coupled 
with the strain induced by such a hot rlame was usually 
sufricient to cause the tip of arm~ K~ to blow off cleanly. 
The sulfur dioxide solution was then poured into a beaker and 
an aspirator vacuum applied to the cell at the opening in 
arm, K. ~~en the residual sulfur dioxide had been removed 
the sample introduction tube A, was opened and the cell was 
carefully washed with three portions of approximately 20 ml. 
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eE\ch of' acetone f'ollowed:,:by a similar amount of petroleum 
ethe~ again in three portions. The residual solvents were 
remove~·by aspirator vacuum and the cell was welded tothe 
vacuum line by means of' the connecting arm, K. The opening 
in the sample introduction tube was closed with a rubber 
stopper and the cell evacuated. 
The sample (10-20 mg.) was weighed on a semi-micro 
balance by means Of the weiehing bottle pictured belOW;, 
V!eighing Bottle (Actual Size) 
Figure 56 
Tais type of' bottle was used to insure that all the compound 
from th.e bottle was collected in the cell VJithout any danger> 
of' mechanical loss or hydrolysis. 
The cell and line were then f'illed with dry air. vraen 
atmospheric pressure had been reached,. the rubber ·stopper in 
the sample introduction arm, A, was removed and the sample 
quickly added. The stopper was replaced·and the weighing 
bottle reweighed. Weighing by difference as described here 
insured a minimum of error due to particles adhering to the 
walls of the bottle. 
The sample introduction tube was sealed and the whole 
system, cell and line, evacuated ·and pumped overnight at 
0 
·0 
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Explanation of Symbols Used in Figure ~¢-
A. Hanifold 
B.. To McLeod Gauge 
c.· To mercury diffusion pump 
D. Cell connected at this point 
E. To manometer 
F. To sulfur dioxide source 
G. Mercury trap 
H. Removable mercury trap 
I. Drying _towers. Lightly speckled regions signify 
packing of magnesium perchlorate. The two dark bands 
represent indicating Drierite • 
. J. Distillation bulb filled vJith glass helices ;,. 
lC. Spray trap 
L. Stopcock to dryip.g tube open to the atmosphere 
\ 
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pressures betv;een one and f'i ve microns. Tt was soon found 
that a pressure of' one micron could not be obtained if a 
run had been carried out the previous day. This was very 
probably due to adsorption and absorption af sulfur dioxide 
by the various components-of the lineo 
The· follo;.'Jing day the run was continued by first 
evacuating the tubing between the sulfur dioxide tank and the 
three way stopcock on the line (cf. Fig. 56). The distillation 
bulb on the line, J, was then surrounded by a bath of 
crushed solid carbon dioxide and trichloroethylene. Sulfur 
dioxide was admitted to the system at such a rate tha~the 
manometer registered a pressure of about ten centimeters of 
mercury above atrnospheric pressure. Vmen sufficient sulfur 
dioxide had been collected in the distillation bulb, the 
tank valve was closed to halt introduction of the gas while 
a four liter Dewar flask con~aining solid carbon dioxide in 
"Deo Basen, a deodorized kerosene, at -30° was placed around 
the electrode arm, F, of the cell. The carbon dioxide-tri-
chloroethylene bath was removed from the line distillation 
bulb, J, and replaced by a beaker of water at room temperature. 
~hen enough sulfur dioxide had distilled from the line bulb 
into the electrode bulb, F, a previously prepared bath at 
approximately -30° replaced the beaker of water and the cell 
was sealed off from the line. T£lis latter operation was 
best carried out at a point when the manometer registered a 
small vacuum in the system. The cell v1as then warmed in air 
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.for several minutes before the electrode arm, F, was immersed 
iry an ice bath. This was done to prevent bumping and subse-
quent loss of solute. 
After about ten minutes the cell was removed from the 
ice bath and the solution quickly mixed by turning in a 
counterclockwise direction and allowing the solution to run 
into the mixing bulb, B. The cell was then rotated in a 
clockwise direction and the solution allowed to flow into 
the electrode bulb, F~ This procedure was repeated six 
times before the cell was replaced in the thermostat. If the 
temperature was other than 0°C, the cell h~d to be pre-cooled 
before placing the electrode arm of the cell in the thermo-
stat to prevent too great a shift from equilibrium and·un-
necessary delay. \"}hen temperature equilibrium had been 
attained (20 minutes), the resistance of the solution was 
measured by attaching the clips on the leads from the re-
sistance bridge to ·the brass lugs, N. A second reading was 
taken in five minutes and accepted if the two readings did 
not differ by more than one part per thousand. 
The cell was then removed from the thermostat and the 
level of the meniscus determined. The electrode arm of the 
cell was placed in the ice bath for five minutes and then 
the whole cell was immersed in the bath. Here again, if the 
thermostat temperature was lower than 0°C, the cell was 
warmed in air before placing it into the ice bath for the 
same reason given above. Rhen temperature equilibrium had 
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been attained, the level o£ the meniscus was read and the 
·cell quickly turned in a clockwise direction allowing the 
solution to £ill the·dilution bulb, E, while the excess 
solution £lowed through the connecting arm, G, to the 
distillation bulb, J. The rotation was continued until the 
level o£ the liquid was at the mark on the constriction, M, 
of the dilution bulb. The cell was then carefully returned 
to an upright position and the solution £rom the dilution 
bulb, E, was allowed to flow into the electrode bulb, F, 
while the excess solution was allowed to flow into the 
distillation bulb, J. The electrode arm, F, was then 
placed in a i'our liter Dewar £lask containing nneo Base" and 
solid carbon' dio:xide at -3ooc while· a beaker of warm water was 
placed around the distillation bulb,J. Vfuen distillation 
of the sul£ur dioxide had proceeded to the point where one 
or two milliliters o£ solution remained in the distillation 
bulb, the electrode arm was again immersed in an ice bath 
observing the precautions described above. The solution 
was then mixed as previously described be£ore replacing the 
cell in the thermostat. The small amount of solution whieh 
was retained in the ·distillation" bulb, J, was allowed to· 
£low into the £lash distillation arm, I, during the mixing 
operations where it evaporated readily and prevented ac-
cumulation of solute in the distillation bulb. This pro-
cedure was repeated until a su£ficient number o£ points had 
been taken. 
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The solvent resistance was measured ror each run in 
a manner quite similar to the procedure used ror individual 
points except that all of the solution was poured from the 
electrode bulb, F, to the distillation bulb, J. Generally 
two distillations of solvent were found to be necessary in 
attaining a reasonable value of solvent resistance. This 
"double distillation was made necessary by the construction 
of the cell inasmuch as all the solution could not be poured 
into the distillation bulb at one turning of the cell. A 
second reason for the tlouble distillation was the nature or 
the compounds measured i.e~, the last point taken was 
usually at a concentration ten fold greater than those used 
for stronger electrolytes. 
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APPENDIX 
Os twald-Onsager Calculations~" 
This method of calculating equilibrium constants has 
been described above and will now be descussed in some 
detail. 
The Onsager equation, 
I 
relates observed equivalent conductances,.~at a concen-
tration of electrolyte~ c, to limiting conductance,~ o 
The concentration is ~n.gram equivalents assuming thee-
lectrolyte to be completely dissociated. ~nis is obviously 
not the case for the compounds measured in this research .. 
In I the term (A .f. B .A0) .JC is the diminution of the e-
quivalent conductance from the limiting conductance due to 
interionic forces. Thus, if the fraction c( , the degree of 
dissociation, of 1 gram equivalent of electrolyte is present 
as free ions then the concentration of ions is ~ c. The 
interionic diminution term becomes (A f B A 0 ) [d..~ and JL 1 , 
the conductance of 1 gr~1 equivalent of free ions replaces 
. -
)\_. 
Equation ~ becomes 
II 
The measured equivalent conductance is obviously equal to 
c{ .]\_ and II can then be transformed to 
-::<- An even more complete discussion of this matter will be 
found in Reference 2:17, Chapter XII from which this discussion 
was obtained. 
III 
This equation may be used to calculate _A.1 and oC. at any 
particular concentration. 
The process involves a series of approximations where 
a shrewd guess is made for an initial value of X., and from 
it a better value calculated. The value of ..Ao used is the 
one estimated from previous data, termed the "reasonable 
valuett of._l\..o (cf. Table 2} and remains constant during the 
calculation. The new value of .1\: is then used and a second 
value calculated. The process is continued until a constant 
Jl is obtained. ~~e degree of dissociati6n is then calcu-
lated and this value substituted into the Ostwald dilution 
law 
k = o{- c /( 1 - o(. ) IV 
The k is a rtclassicaln equilibrium constant inasmuch as 
ac'tivity coefficients have been ignored. Por a system 
MA.;;!Mf/A- V 
the thermodynamic equilibrium eons.tant. ·'1.1fL g:i;ven by 
K = ~2 c/(1 -o(.) fM/x fA'-/fi.'JA VI 
For sufficiently dilute solutions the activity coefficients 
become unity and IV will be an expression for K. T'.ais is 
apparently not the case in liquid sulfur dioxide at the 
concentrations used and thus the k-values must be corrected 
for acti~ty coefficients. Vfuen the ionic strength is not 
too high, the activity coefficient of the undissociated 
molecules (fMA in equation VI) may be taken as unity. 
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Table I 
Ostwald-Onsager Calculations ror mono-m-chloro 
derivative at O.l75°c. . 
Jt.t:/=178 
K X 106 
1.667 
1.631 
1.591 
1.603 
1.566 
~.578 
1.546 
1.583 
1.532 
1.138 
1.236 
1.516 
r 
10.151 
f ,115 
f .075 
f .087 
f .050 
f, .062 
f .030 
f .065 
I .o16 
- .378 
- .280 
I 
- .119 
1.558 
1.523 
1.487 
1.499 
1.460 
1.472 
1.439 
1.473 
1.423 
1.282 
1.394 
1.455 
Shedlovsky Calculations: 
(l) K = 1.747 X 10-6 
(2) K = 1.530 X 10-6 
(3) K = 1.556 X 10-6 
r 
f0.103. 
f .068 
f .032 
f .o44 
- .:oo5 
f .017 
- .016 
I .o18 
- .032 
- .173 
- .061 
I 
- .052 
1.397 
1.572 
1.534 
1.341 
1.179 
1.317 
1.284 
1.315 
1.268 
1.384 
1.500 
1.372 
J\..Q: 184 ...... 76.8 
·~: 80 ~ 135.7 
.flo: 135.7 ~129.4 
r 
,to.o25 
f .200 
f .162 
- .031 
- .193 
- .055 
- .088 
- .057 
- .104 
f .012 
~ .128 
- .096 
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Combination or IV and VI gives 
K = k (:f;~T x rA-) VII 
If' the simple Debye - Huckel equation ror the activity 
coerricient or each ion is intvoduced in the f'orm 
log f'i =·-At jd.. .c VIII 
then 
log k = log K I 2 A' J~c IX 
where 
A.' =A' rj(DT)3/2 X 
and An is equal to 18.24 x 105 .. Thus the nclassicaltt k.~ay 
be readily converted to the thermodynamic equilibrium 
constant. The constants thus obtained have been tabulated 
(Table TIIT) along with deviations f'rom the mean. 
In the Ostwald-Onsager calculations -~is assumed as 
a known quantity and these calculations.do not yield a 
calculated ...A.0 • Thus the accuracy or the assumed value or 
-llo becomes much more i1p.porte.nt in calculations or this 
type. The limiting conductance is readily estimated f'or the 
mono-m-chloro derivative f'rom the corresponding ortho and 
para compounds. The ortho and para derivatives have limiting 
conductances which dif'rer by only a few percent at each 
temperature. Thus, if the values ror ~ ror these compounds 
are considered correct, the value or ~for the mono-m-chloro 
.. 
taken as the average or the other two values will be accu-
rate to at least 2%. 
Table I has been constructed to show what errect 
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• an incorrect limiting conductance might have on the calcu-
lation of K by this procedure. The data are for the 
mono-m-chloro compound at O.l75°b. The asswned correct 
ve.lue for ~has been taken as 18~-· As can be seen from 
the data, the diminution of A by six units gives an average 
mean deviation twice that of the chosen value of _1\.0 • In-
creasing -"-o by ten units above the assumed value gives an 
average mean deviation of almost ~~actly the same size as 
that for .Ao equal to 178. Thus the data would seem to 
indicate that the value of 18~- is fairly good but a slightly 
higher value might be more correct. n~is conclusion is 
dr~wn from the fact that a ten unit increase gives the same 
change in average mean deviations as a six unit decrease 
whereas a larger change in ~should result in proportion-
ate behavior for the average mean devia:bions. The previous 
estimate of a precision of about 2% for the mono-:-m-chloro 
derivative seems to be justified. 
T'ne behavior of the same data in three e.pproximations 
by the Shedlovsky procedure may also be found in Table I 
for ready comparison. In each approximation K has been 
calculated using .Jl, equal to 18~- and the slope determined 
by the Shedlovsky procedure. It may be noted here that 
although ~changes dramatically; the changes inK are rela-
tively small. 
Resu~ts of Ostwald Calculations 
1 MCl -21.2°C 1 MCl -12.5°G 1 MCl -8.9°C 3 PCl ..-175 3~ PCl -8.9°C 
.Ao -=152 ~ =168 Ao =170 A =178 .Ao =164 ~s =4.268x1o-6 Ks::-2. 746xlo-6 I\g=-2 .399xlo-6 Kg-=1. 203xlo-6 Ks=l.934X1o-6 
K x 106 d?r K.x 106 d K X 106 d K X 106 d K X 106 d 
- - -
4.098 f..l30 2.587 f..027 2..369 f:.172 1.155 f..094 1.896 f..l0.5 ~.168 f_.230 2.638 'f..078 2.3 2 f..l35 1 .. 178' '1..117 1.914 'f..l23 l.j.l 0 f..l92 2.758 f..l98 2.234 . f..007 1.126 f..o65 1.863 f. .072 
4.081 f..ll3 2.631 /-.071 2.329 ) f.l02 1.096 f.035 1.810 f..Ol6 
4.129 f..l61 2.5lb -.013 2.169 -.058 1.0~0 -.011 1.807 f.Ol 
4.071 f..l03 2.59 f..o36 2.2~ f..070 1.0 9 -.012 1.755 -.036 
tt·Ol7 f..049 2 • .573 f.013 2.2 f.Ol.5 1.048 -.013 1.770 -.021 
.081 :;._.113 2.~05 -.055 2.139 -.088 1.006 -,055 1.752 -.039 
3.99.5 f.027 2. 56 -.104 2.2~3 ;..o16 1.029 -.032 1.759 -.032 
~·927 -.0~1 2.53.5 -.025 . 2.0 2 -.16.5 1.003 -.0.58 1.l5~ -.036 
.e31 f.o 3 2.569 f.009 2.228 _,l.001 .929 -.132 1. 2 -.167 
3.923 -.04.5 2.385 -.17.5 2.019 -.208 1.o6I- l.o57 1.791 i.o6o 
3.832 -.03~ 2.636 f.076 2.22'7 l.oa~ 3.9~4 -.03 - ~ -.• 101 3 •. 8 7 - .. 121 f.b72 
3.781 -.187 -
~:~~6 -.049 
-.128 
3.678 -.290 
3.819 -,.149 3.968 f.13o 
-
* Deviation from the mean. 
Table III 
1-' 
-..() 
-..() 
p:l 
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Equilibrium Constants and Free Energy Corrected for Density. 
In the preliminary phases of the calculations involved 
in converting the raw data to more easily manipulated data 
it was f'elt that a comparison should be made with K having 
the units, moles per kilog:eam of solution) rather. than the· 
conventional molar units. Although this comparison has been 
abandoned the data collected by calculation in terms of 
molal units are tabulated here for possible future use. 
To convert from molar to molal units in this case,the 
K (molar) is simply divided by the corresponding density of 
sulfur dioxide which ~mplies the assumption that the density 
of the solution is equal' to the density of pure sulfur 
. ' 
dioxide at the concentrations employed. 
The density data used are those of Lange (55) which 
are summarized in the equation 
d~ - 1.4350 - o.oo2.5t - o.ooooo112t2 XI 
where t is in degrees centigrade. The equation is based on 
data from -10° to -.50°C. Tae values of density obtained by 
this equation at ten degree intervals were compared with 
the data of Seyer and Peck (81) and the latter data were 
found to fit the equation above·with an average mean devi-
ation of I 0.17%. 
Table II summarizes the corrected equilibrium constants 
and free energies. 
The principle reason for not using molal units is the 
fact that data in this field as well as theoretical 
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Table II 
Equilibrium Constants (moles/kg .soln.) 
K exp x 106 
Compound oo -90 -12ml -21° ' 
-30° 
Unsubst. 29.49 45.91 64.72 95.32 140.6 
Mono-p-ch1oro 8.778 14.69. 16.56 29.80 48.99 
Mono-o-methy1 435.3 735.,_5 740.5 1149. 1723. 
Mono-o-ch1oro 7.412 11.23 12.2t 18.6o· 
Mono-m-chloro(S) 1.084 1.646 1.873 2.869 
Mono-m-chloro(O) 1.014 1.528 1 .. 746 2.667 
Tri-p-chloro(S) 0.838 1.327 
Tri-p-ch1oro ( 0) 0.739 1.229 
pgxp = 2.303 R T log K exp ( kcal/mole) 
Unsubst. 5.664 5.245 4-997 4.636 4.295 
Mono-p-chloro 6.325 5.845 5.703 5.218 4.806. 
Mono-o-methyl 4.204 3.777 3-733 3.390 3.082 
Mono-o-chloro 6.417 5.986 5.861 5-455 
Mono-m-chloro(S) 7.462 6.994 6 .. 832 6.390 
Mono-m-chl oro ( 0) 7-498 7.033 6.869 6.427 
Tri-p-chloro(S) 7.601 7.107 
Tri-p-chloro(O) 7.669 7.14B 
(S): Shedlovsky calculation; (0): Wstwald calculation. 
equations {e.g; Bjerrum equation) utilize equilibrium 
constants with molar units. Thus for the sake of broader 
comparisons it is simpler to use the latter units. 
Cell Characteristics 
Both .cells we:ee modified during the course of this 
research and changes made in the calibrated parts. The 
values for the calibration of modified parts are listed 
below along with the segment of data to which these modi-
fied values applies · 
Cell #1 
(a) Electrode Bulb Volume: 37.000 at 1.351 ml. reading. 
Dilution Bulb Volume: 17.59 c 0.02 ml. 
Cell Constant: 0.2606 cm~l 
Used for data up to and including V-26 
(b) Electrode Bulb Volume: 37.000 at 0.734 ml. reading. 
Cell Constant: 0.2534 cm-1 
Used for data between V-82 and V-112 inclusively. 
This modification of the cell resulted fro~~e removal of 
the mercury ff!S)m·the lead-in arms. 
(c) Electrode Bulb Volwne~ 37.000 at 8.39L. ml. reading. 
Used for data beyond V-112. V~'hen only one modified value 
is listed as in (c), this means that the other calibrations 
hav~ not ~hanged. 
Cell t/,2 
(a) Electrode Bulb Volume: ~.6.000 at o.Lf92 ml. reading. 
Dilution Bulb Volume: 26.35 t 0.02 ml. 
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Cell Constant: 0.1995 cm-1 
Used for data up to and including V-17 
(b) Dilution Bulb Volume: 26.39 t 0.02 ml. 
Used for data between V-18 and V-30 inclusively. 
(c) D:Llution Bulb Volu.me: 28.2L~ I. 0.03 ml. 
Used fDOm V-31 to the last run. 
Explanation of Tables of Conductivity Data. 
In the subsequent tables it is necessary to use 
several different notations to simplify the presentatb n. 
~-:ih.erever a table head:thg is fbllowed""by an·~ast$:t;isk ( ~:-) J 
this is to denote that the pertinent data ~ere collecte~ in 
Celli':l. Tl'le same notation was used in the plots of conduc-
tivity data (Figs.l-35). Thus, a run followed by ah aster-
isk 1.vould also signify that Cell#l was used. 
Inasmuch as some of the data or Cell//1 was discarded 
and some was not, the previous section describing cell 
characteristics should be consulted in any calculations 
involving Cell~fl data. Runs between V-26 and V-112 in-
elusively were considered valid. The runs listed on the 
curves obtained from conductivity data (Figs. 1-35) are the 
ones used to calculate Kexp. 'The conductivity data curves 
{Figs. 1 to 35) may be used to determine which runs were 
used for calculation of Kexp. 
Beneath each set of data is foun~ the conduct~nce 
of the solvent expressed as k1 S02 or k2 S02• The subscripts 
out . 
on the k refer to the nwiiller of distillations carried~pr~r 
to measurement. The number in all cases should be mul'Q:;oo--. 
plied by 10-5 in orde.r to arrive at the specif'ic condtt~~ce 
of the solvent. For example, if' k2 S02 = .Ol2L~_, then the 
specific conductance fus .0124 x lo-5. 
T'ne data are arranged in order of' decreasing temper-
ature for each compound and within each temperature in 
order of increasing run numbers. The order of the run 
numbers is, of' course, tl1e order in v1hich the data were col-
lected. 
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Conductivity o:f Mono":'o-methy1pheny1dipheny1ch1oromethane 
Table A-1 (V - 79) 
V X 103 
1./mole 
2.79~ 
4-544 7~383 
12.01 
19.55 
31.83 
51.85 
V X 103 
1./mole 
2.h03 
3.867 
6.226 
10.02 
16.12 
25.99 
0.175°C 
k X 105 
mhos em. -1 
4-950 
3 .. 291 
2.158 
1.390 
.8877 
.5585 
.3492 
Table A-2 (V - 81) 
O.l75°C 
k X 105 
mhos em. -1 
5.581 
3.774 
2.515 
1.6h9 
1.066 
.6809 
r 
mhos cm.2/mole 
.1;38.4 
149.5 
159.3 
166.9 
173.5 
177.8 
181.1 
mhos cm.2/mole 
1~4.1 1 5.9 
1 6.6 
165.2 
171.8 
177.0 
206 
Conductivity of Mono-o-methylphenyldiphenylchloromethane 
Table A-3 (V - 83) 
v .X 103 
l./mo1e 
2.213 
3.585 
5.814 
15.21 
24.71 
40.13 
v .X 103 
1./mo1e 
2.076 
4.446 
9.521 
20.39 
43.66 
93.64 
O.l7.5°c 
k .X 105 
mhos cm.-1 
6.071 
4.059 
2.681 
1.119 
.7096 
-4449 
k2 802 = 0.0091 
Table A-4 (V - 114)* 
.:.4oc 
k X 10_5 
mhos em. -1 
6.38~. 
3.381 
1.744 =~~g 
.1971 
mhos cp1.2/mo1e 
13LL.3 
1'-!.5.5 
15.5.9 
170 .. 2 
175.3 
178 • .5 
mhos cm.2/mole 
132 • .5 
150.3 
166.0 
174.2 
180.6 
184.6 
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Conductivity of Mono-o•methylpheny1dipheny1ch1oromethane 
Table A-5 (V - 115) 
v .:X: 103 
1./mole 
2.820 
~=~~ 12.10 
19 .. 66 
31.98 
52.08 
v .:X: 103 
1./mole 
;3.085 
4·991 
8.077 
13.07 
21.16 
34.26 
55.46 
-4°C 
k .:X: 105 
mhos cm.-1 
5.012 
3.316 
2.164 
1.392 
.8845 
.5539 
.3453 
Table A-6 (V ~ 134) 
-4oc 
k .X 105 
mhos cm.-1 
4-548 
3.013 
1..963 
1.266 
.8022 
.5029 
.3131 
mhos cm .. 2/mo1e 
141.3 
152.0 
161.1 
168.4 
173.9 
177.1 
179.8 
mhos c~.2/mole 
140.;3 
150.4 
158.5 
165.5 
169.7 
172.3 
173.6 
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Conductivity of Mono-o~methylphenyldiphenylchloromethane 
V X 103 
1./mole 
0.9097 
1.467 
2.364 
3.811 
6.147 
9.932 
16.05 
25.93 
4J..90 
V X 103 
l./mo1e 
2.052 
3.229 
.5.090 
8.014 
12.63 
Table ~-7 (V - 107) 
-7°C 
k .X 10.5 
mhos em. -1 
12.327 
8.504 
5.757 
3.858 
2.518 
1.632 
._1·.oh-3 
.6618 
-4177 
Table A-8 (V - 108) 
-7°C 
k X 105 
mhos cm.-1 
· mhos cm.•2/mo1e 
112.1 
124.. 7 
1,36.1 
147.0 
15[,_ .. 8 
162.1 
167.4. 
171.6 
17.5.0 
mhos CIQ..2/mo1e 
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Conductivity of Mono-o-methylphenyldiphenylchloromethane. 
V X 103 
1./mo1e 
2.378 
i:~~§ 
10.61 
17.46 
28.80 
47.52 
v :X: 103 
l./mo1e 
1.685 
2.712 
4.362 
7.025 
11.31 
18.20 
29.33 
47.33 
Table A-9 (V - 109) 
-7.9°C 
k X 105 
mhos cm.-1 
Table A-10 (V - 110) 
-7.96c 
k X 105 
mhos cm.-1 
7.441 
4.980 
3.293 
2.1,5;3 
1.384 
.8835 
.5587 
.3513 
mhos cm.2/mo1e 
136.8 
1~:4.6 
153.9 
160 .. 4 
165.0 
167.6 
171.2 
·mhos cm.2/mole 
125.4 
135.1 
143.6 
151.2 
156.5 
16o:8 
163.9 
166."3 
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Conductivity of Mono~o-methylphenyldipheny1chloromethane 
Table ~-11 (V - 111) 
V X 103 
1./mole 
1.009 
2.695 
4.409 
7.217 
11.79 
19.31 
31.63 
51.75 
V X 103 
1 .. /mole 
1.048 
1.704 
2.770 
4.502 
7 .. 316 
11.90 
19.37 
31.54 
51.38 
-7.9°C 
k X 105 
mhos cm.-1 
11 • .505 
5.121 
3.364 
2.1.159 
1.374 
.-8675 
· .. 5349 
.3322 
Table A-12 (V - 78) 
-8.9°C 
k X 10:5 
mhos cmo-1 
11.150 
4
7.494 
·970 
3.246 
2o092 
1.3,31 
.8404 
.J.1.2L.7 .326~-
mhos cm.2/m.ole 
116 .. 1 
1,38.0 
148.3 
155.8 
162.0 
167.5 
169.2 
171.9 
mh.oa cm.2/mole 
116.8 . 
127.7 
ial!i 
1.53•0 
158;4 
162o8 
165.5 
167.7 
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Conductivity of Mono~o-methylphenyldiphenylchloromethane 
V X 103 
1./mole 
2.382 
3.832 
6.168 
9·927 
15.98 
25~75 
V X 103 
1./mole 
2.193 3.552 
5.759 
15~06 
24.47 
39~7$ 
Table ~-13 (V ":'. 80) 
~8.9°C 
k X 105 
mhos cm.":'l 
5.659 
3.748 
2.453 
1~587 
1.013 
.6414 
Table A-14 (V - 82) 
-8,.9°C 
k X 105 
mhos cm.-1 
mhos cm.2/mole 
1;34.8 
143.6-
151.3 
157.;5 
161.9 
165~2 
mhos cm.2/mole 
1;34.3 
142.9 
150.5· 
160.7 
163;7 
166~7 
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Conductivity of Mono-o-methylphenyldiphenylchloromethane 
Table A-15 (V - 112)?} 
V X 103 
1./mo1e 
2 .loU. 
4.5o6 
9.651 
20.70 
L~~-.37 
95.09 
V X 103 
1./mo1e 
1.965 
3.218 
5.275 
8.654 
14.21 
23.33 
38.32 
62.92 
-l0.5°C 
k X 105 
mhos cm.-1 
6.256 
3.269 
1.650 
.8119 
.3901 
.1871 
Table A-16 (V - 113) 
-10.5°c 
k .X 105 
mhos em. -1 
6.667 
4.407 
2.862 
1.822 
1.142 
.?161 
.4402 
·2714 
mhos cm.2(mo1e 
1;31.6 
147.3 
159.2 
168.1 
173.1 
177.9 
mhos cm.2/mo1~ 
1;31.0 
141.8 
151.0 
157.7 
162.3 
167.1 
168.7 
170.8 
k2 so2 • o.oo75 
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Conductivity of Mono-o-methylphenyldiphenylchloromethane 
Table A-17 (V - 118) 
V X 103 
1./mole 
2.800 
4 • .56;3 
7.434 
12.11 
19.77 
32.21 
52.57 
V X 103 
l./mo1e 
2.84? 
4.6o6 
7.469 
12.11 
19.64 
31.83 
51,.64 
-l0.5°C 
k X 10_5 
mhos cm.-1 
4.913 
3.226 
2.062 
1.315 
.8194 
.5098 
.3162 
Table A-18 (V - 121) 
-lo.,5oc 
k X 105 
mhos cm.-1 
4.778 
3 .• 137 
2,.030 
1.303 
.8251 
.5125 
.3235 
mhos cm.2/mole 
1;37.6 
147.2 
153.3 
159.2 
162.0 
16L..2 
166.2 
mhos cm.2(mo1e 
135.8 
144.5 
151 .. 6 
157.8 
162.0 
163.1 
167.0 
Conductivity of Mono-o•methy1phenyldiphenylch1oromethane 
Table A-19 (V - 88)* 
V X 103 
1./mo1e 
V X 103 
1./mo1e 
0.6922 
1.420 
2•911 
5•970 
12.24 
25.17 
6·, 0 -12. a5 c 
k X 105 
mhos cm.-1 
11.230 
47-497 ·986 
3.261 
2.11L. 
1.346 
.8484 
Table A-20 (V - 89) ~} 
-12.625°c 
k X 105 
mhos cm.-1 
15.420 
8.554 
4:.680 
2.483 
1.282 
.. 6451 
mhos cm.2/mo~ 
115.6 
125.1 
1)5.1 
143 .. 4 
151 .. 0 
156.0 
159.7 
mhos cm.2/mole 
106.7 
121.5 
1;36.2 
148.2 
156.9 
162.4 
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Conductivity or Mono~o-methylphenyldiphenylchloromethane 
Table A~21 (V ... 90) · 
V X 103 
1./mole 
1.250 
3 .• ~19 5. 13 
8. 35 
14.4? 
23.56 
V X 103 
1./mo1e 
2.037 
~:~~§ 
9.013 
14.79 . 
24.31 
39.96 
65.60 
-12.625°C 
k X 105 
mhos cm.-1 
9.442 
4.153 
2~689 
1~717 
1.086 
~6763 
Table A-22 (V - 126) 
-16.5°c 
k X 105 
mhos cm.-1 
6.371 
~ .• 119 
2.652 
1.§>79 
1.0,37 
.6456 
.4016 
.2438 
mhos cm .. 2/mole 
118.0 
1,37.8 
145.6 
15l.t 7 156.6 
159.3 
mhos cm.2/mole 
12•9 .• 8 
137.8 
145.5 
151.,3 
153.4 
156.9 
160.5 
159.9 
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Conductivity of Mono-o-methylpheny1diphenylchloromethane 
V X 103 
1./mole 
2.135 
3.457 
5.596 
9.073 
14.71 
23.85 
38.73 
62.82 
V x lG.) 
1./mole 
o. 7416 
1.509 
. 3.072 
6·.257 
12.75 
26.01 
53.16 
Table A-23 (V ~- 127) 
-16.5°c 
k X 105 
mhos cm.-·1 
6.123 
3·997 
2·573 
1.649 
1.038 
.6511 
.4070 
.2502 
Table A-24 (V - 91Hz. 
-21.13°0 
k X 105 
mhos cm.-1 
k2 S02 = 0.0102 
mhos cm.2/mole 
130 ... 7 
1)~.2 
144.0 
149.6 
152.7 
155.3 
157.6 
157.2 
mhos cm.2/mole 
108.3 
120.1 
130 .. 7 
1;39.2 
145-3 
149.9 
150.5 
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Conductivity or Mono-o-methylphenyldiphenylchloromethane 
V X 103 
1./mole 
0.87$0 
1.804 
3 • .721 
7.682 
15.89 
32.87 
67.94 
V X 103 
1./mole 
1.325 
2 .1L~7 
3.472 
5.623 
9.108 
14.76 
23.93 
Table A-25 {V - 92) i~ 
-21.13°0 
k X 105 
mhos cm.-1 
12.860 
6.895 
3.646 
1.873 
:4~6 
.2324 
Table A-26 (V - 93) 
-21.13°0 
k X 105 
mhos cm.-1 
9.103 
5.~51 
3-4744 2. 8 
1.567 
-9952 
.6217 
mhos cm.2/mole 
112.5 
124.4 
1;35.7 
143.9 
149.8 
153.0 
151.9 
mhos cm.2/mo1e 
120.6 
127.8 
134.5 
139.7 
14?.7 
146.9 
148.8 
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Conductivity of' Mono-o-methy1pheny1dipheny1ch1oromethane 
Table A-27 (V - 131) 
V X 103 
l./mo1e 
2.343 
3.776 
6.090 
9.820 
15.82 
25.50 
41 .. 12 
V X 103 
1./mole 
1.807 
2.953 
4.823 
7.889 
12.91 
21 .. 12 
34.58 
-25°c 
k X 10_5 
mhos em. -1 
.5 .. 268 
3 .. 397 
2.17.5 
1.379 
.8680 
• .5429 
.3406 
Table A-28 (V - 132) 
-25°c 
k X 10_5 
mhos cm.-1 
6.666 4 .• 277 
2.701 
1.69.5 
1 .. 0.5.5 
.5527 
.4016 
mhos cm,2/mo1e 
123.4 
128.3 
132~.5 
13.5.4 
137.,3 
138.4 
140.0 
mhos cm.2/mo1e 
120.4 
126.3 
130.3 
133 .• 7 
136.2 
137.8 
138.9 
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Conductivity of Mono-o-methy1pheny1dipheny1ch1oromethane 
Table A...;29 (V - 94) i~ 
V X 103 
;.;1./mole 
0.8571 
1~773 
3.666 
7.5673 15. 6 
32.23 
V X 103 
1./mole 
1.020 
1.625 
2 • .'594 
L..l45 
6.621 
10.58 
16.94 
-29.5°C 
k X 105 
mhos cm.-1 
Table A~3o (V - 95) 
-29.5°C 
k X 105 
mhos cm.-1 
10.698 
6.998 
4.670 
3.047 
1.976 
1.262 
.8021 
mhos cm. 2/mole 
108;.0 
117;.5 
126.3 
132.0 
136-.7 
139.4 
mhos cm.2fmole 
109.1 
113.7 
121.1 
126.3 
.. 130.8 
133.5 
135.9 
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Conductivity or Mono-o-methy1phenyldipheny1chloromethane 
Table A-31 (V - 101) -3~ 
V X 103 
l./mo1e 
0.7539 
1.,565 
3.254 
6.758 
14,05 
29.23 
~29~5°C 
k X 105 
mhos cm.~l 
14.ooo 
7.349 
3.790 
1.,906 
~9402 
.4613 
mhos cm.2/mole 
105.5 
115.0 
123.3 
128.8 
132.1 
134;8 
V X 103 
1./mo1e 
0.6224 
1.072 
1.846 
3.182 
5.4483 
9- 37 
16.25 
27.96 
48.21 
V X 103 
1./mole 
0.9788 
1.691 
2.919 
5.040 
8.704 
15.03 
~.5-93 
44-78 
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Conductivity of Tripheny1chloromethane 
Table A-32 (V - 27) 
o.o0 c 
k X 105 
mhos cm.·-1 
5 .. 486 
4.0.53 
2.948 
2.097 
1.488 
1 .. 036 
.7023 
.4690 
.3057 
Table A-33 (V - 29) 
o.o0 c 
k X 105 
mhos cm.-1 
4.906 
3.440 
2 .l.io5 
1.668 
1.138 
.7667 
.5081 
.3224 
mhos cm.2/mo1e 
)4.14 
4~-4.5 5 .. 42 
6 -73 
81.59 
947.77 11 .1 
1)1.1 
147.4 
mhos cm.2/mo1e 
48.02 
~8.17 
70.20 
84.07 
99.05 
115.2 
l);t..8 
144.4 
V X 103 
1./mole 
1.786 
3.091 
5.345 
9.245 
15.99 
27.64 
47.81 
V X 103 
i./mole 
1.010 
1.604 
f:6ttl 
6.426 
10.21 
16.24 
25.84 
4J..09 
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. Conductivity of Triphenylchloromethane 
Table A-34 (V - 30) 
o.ooc 
k X 105 
mhos cm.-1 
3.002 
2.146 
1:511 
1.046 
.·7061 
.4714 
.3038 
Table A-35 (V - 62) 
o.ooc 
k X 105 
mhos cm.-1 
4.037 
3.058 
2.321 
1.759 
1.316 
.9642 
.6948 
.4883 
.3412 
mhos cm.2/mole 
53.62 
66.33 
80.'76 
96.70 
112.9 
1,30.3 
145.2 
mhos cm.2jmole 
40-77 
49 .. 05 
59.12 
71.17 
~~:G4 
ll2.8 
126.2 
140.2 
V X 103 
1./mole 
2..084 
4.~5 9.36~ 
19.85 
42.02 
89.32 
V X 103 
1./mole 
1.826 
2<.976 
4.849 
7·903 
12.88 
20.98 
34.26 56.oo 
·223 
Conductivity of Triphenylchloromethane 
Table A-36 (V - 116)-;r 
..:.4oc 
k X 105 
mhos cm.-1 
2.699 
1~705 
1.063 
.6,313 
·3483 
.1849 
Table A-37 (V - 117) 
-4°C 
k X 105 
mhos em. -l 
2.975 
2.198 
1.622 
1.193 
.8569 
.5953 
··4034. 
;2692 
mhos cm.2/mole 
56.25 
75.28 
99-51 
125.3 
lL-6 .5 
165-.l 
mhos cm.2/mo1e 
54.~2 65. l 
78~ 5 
94.28 
110.4 
124.9 
13$~2 
150.7 
V X 103 
1./mole 
2.731 
4.430 
7.189 
11.67 
18.93 
30.73 
49.87 
V X 103 
1./mole 
1.176 
3.059 
L~. 93JJ. 
7-966 
12.85 
20.76 
33.57 
Conductivity o:r Triphenylchloromethane 
Table A-38 (V - 133) 
-4°C 
k X 105 
mhos cm.-1 
.2.256 
1.673 
1.233 
.9052 
.6398 
.. 4396 
.2926 
k2 802 = 0.0053 
Table A-39 (V - 77) 
-8.9°C 
k X 105 
mhos cm.-1 
4.425 
2.415 
1.754 
1.260 
.8828 
.6050 
.4081 
mhos em. 2 /mole 
61.61 
74.11 
88.64 
105.6 
121.1 
135.1 
l~-5 ·9 
mhos cm.2/mole 
52.04 
73.87 
86'.54 
100.4 
llJ.l.i. 
125.6 
137 .• 0 
V X 103 
1./mole 
1.659 
2.882 
5.009 
8.724 
15.16 
26.35 
!!.5 .. 89 
V X 103 
1./mole 
0.9013 
1.882 
3.927 
8.192 
17.09 
35.66 
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Conductivity of' Triphenylchloromethane 
Table A;..:.4o (V ;..:. 18) 
-12.5°C 
k X 105 
mhos cm.-1 
3·7447 2.6 9 
1·754 
1.223 
;8068 
.5202 
.3290 
Table A~l:-1 ( V ;..:. 20) 
-12.5°C 
k X 105 
mhos cm • ..;l 
5·~77 3.L.f-Lt2 
2.103 
1.251 
• 715~. 
.3910 
mhos. cm.2/mole 
62•16 
76.o3h 
87.86 
106.7 
122.3 
137;1 
151.0 
mhos cm.2/mole 
L-9.36 
64.78 
82.58 
102.5 
122.;3 
139 .. 4 
V X 103 
1.(mo1e 
1.116 
1,. 799 
2.897 
~-.666 
7-514 
12.10 
19.49 
31.39 
V X 103 
1./mole 
0~7509 
1.213 
1.960 
3.166 
5.111 
8.249 
13.33 
21.53 
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Conductivity of Triphenylchloromethane 
Table A-~2 ·(v - 33) 
-12.5°C 
k X 105 
mhos cm.-1 
4 .• 999 
3.681 
2.642 
1.345 
1.892 
·9305 
.. -6398 
.4301 
Table A-43 (V - 36) 
-12.5°c 
k X 105 
mhos cm.-1 
6.343 
4.622 
3.,308 
2.480 
1 .. 700 
1.223 
.8226 
5677 
55-.79 
66.22 
76.53 
88.2$ 
101.1 
112.6 . 
12~.7 
13.5 .o . 
mhos cm.2/mole 
47.63 
.56.06 
64.84 
78 .. 52 
86.89 
100.9 
109.7 
122.2 
V X 103 
1./mole 
0.7508 
1.197 
1.910 
3.047 
4.859 
-7.745 
12.35 
19.71 
V X 103 
1./mole 
0.7358 
1.189 
1.919 
3 .. 103 
5.015 
8.099 1a.o9 
21.15 
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Conductivity o:r Tripheriylchloromethane 
Table A-44 (V - 40) 
-l2.5°c . 
k X 105 
mhos em. -1 
6 .. 076 
4.409 
3.2L.9 
2.469 
1.751 
1.278 
.9175-
.6285 
Table A-1.!-5 (V - 41) 
-12.5°c 
k X 105 
mhos cm.-1 
6.228 
4.585 
3·)94 
2.447 -
1.773 
1.247 
.8422 
.5962 
mhos cm .. 2/mole 
45.62 
52.78 
62.06 
75.23 
85.08 
98.98 
113.3 
123.9 
mhos cnf.2/mole 
45.83 
54.52 
65.13 
- 75.93 
88.92 
101.0 
110.2 
126.1 
V X 103 
1 .• /mole 
1.017 
1.662 
2.714 
4.~)7 
7 • .245 
11.84 
19.37 
31.68 
V X 103 
1./mole 
1.921' 
LL.o21} 
8.438 
17.69 
37 .. 09 
77.84 
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Conductivity of Triphenylchloromethane 
Table A..;.k6 (V - 45) 
--12.5°c 
k X 105 
mhos cm.-1 
5.·188 
3.608 
2.769 
1.·979 
l.r393 
.9622 
.6617 
-4414 
Table A-47 (V - 119) ~~ . 
-15°C 
k X 105-
mhos em. -1 
3.111 
1.922 
1.160 
.6918 
.3709 
.1955 
mhos cm. 2/mole 
52.76 
63.29 
75.15 
87.81 
100 •'9 
113.,9 
128.2 
139 .. 8 
mhos cm.2Jmole 
59.76 
77.3L-
97.88 
122.L-
137.6 
152.2 
V X 103 
1./mo1e 
1.9U.9 
3-169 
5.149 
8.371 
13.60 
22.12 
35.99 
.58.56 
V X 103 
1./mo1e 
2.872 
4-710 
7-719 
12.6.5 
20.76 
34.07 
.5.5-79 
Conductivity or Triphenylchloromethane 
Table A-48 (V - 120) 
-1.5°c 
k X 10.5 
mhos cm.-:-1 
3.208 
2.340 
1.707 
1,223 
.8.573 
.5793 
.3838 
.2.509 
Table A-49 (V - 12.5) 
-1.5°C 
k X 10.5 
mhos cm.-1 
2.503 
1.709 
1~29.5 
.9213 
.6217 
.• 40.52 
.2619 
mhos cm.2/mo1e 
62 • .52 
74.1.5 
87.89 
102.u. 
116 .. 6 
128.1 
1;38.1 
146.9 
mhos cm~ 2/mo1e 
71.89 
84.73 
99~96 
116 .. .5 
129.1 
1,38.0 
146.1 
V X 103 
l./mo1e 
1 • .530 
3.180 
6.60.5 
13.70 
28.49 
.59.22 
V X 103 
l./mo1e 
2.077 
3.379 
. .5-497 
8.960 
14.61 
23.83 
38.90 
63 • .57 
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Conductivity of' Tripheny1ch1oromethane 
Table A-.50 (V ... 122) ~r 
-19°C 
k X 10,5 
mhos cm.-1 
3-·9.11 
2.~00 
l.I.i-.5;3 
• 8640 
.4721 
.2~_60 
Table A-.51 (V - 123) 
-19°C 
k X 10,5 
mhos em. -1 
3.298 
2.374 
1.712 
1.224 
.837L-
• .5.566 
.3664 
.2342 
mhos cm.2/mo1e 
.59.84 
76.32 
9.5·.~7 . 
118··'+ 
134.5 
14.5·. 7 
mhos cm.2/mo1e 
V X 103 
1./mole 
1.762 
2.857 
4.6:37 
7.533 
12.23 
19.80 
32.15 
52.34 
v x io3 
!.!/mole 
0.8625 
1.393 
2.251 
3.636 
5.877 
9.496 
15.3.5 24 .• 81 
231 
Conductivity of Triphenylchloromethane 
Table A-52 (V - 124) 
-19°C 
k X 105 
mhos cm.-1 
3-717 
2.725 
1.962 
1 .. 374 
-9472 
.6326 
.. 4197 
.2682 
Table A-53 (V - 47) 
0 
-21.2 c 
k X 105 
mhos cm.-1 
6.363 
4.630 
3.089 
2.299 . 
1.6,31 
1.143 
·7766 
.5172 
mhos cm.2/m~ 
65.49 
77.85 
90.98 
103.5 
115.8 
125.3 
1;3L~. 9 
140.4 
mhos em. 2(mo1e 
54.88 
64.50 
69.53 
83.59 
95.8.5 
108.5 
119.2 
128.3 
V X 103 
1./mo1e 
0.7722 
1.246 
2.013 
3•249 
5.247 
8.480 
13.70 
22.14 
V X 103 
l./mo1e 
1.040 
1.678 
2.709 
4·375 
7.064 
11.41 
. 18.43 
29.77 
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Conduc.tivi ty ot Triphenylchloromethane 
Table A•54 (V • 48) 
-21.2°C 
k X 105 
mhos cm.-1 
6.66L. 
4·846 
3·5li3 2.568 
1.812 
1 .. 263 
.8461 
.• 5776 
Table A-55 (V - 50) 
-21.2°c 
k X 105 
mhos cm.-1 
5.596 
4.084 
2.975 
2.127 
1.493 
1.018 
.6837 
.4510 
mhos cm.2/mole 
51.46 
60.38 
71.;32 
83.43 
95.08 
107.1 
115 .. 9 
127.9 
mhos cm.2/mole 
58.20 
68.53 
80.59 
93.06 
105.5 
116.1 
126.0 
134.3 
V X 103 
1./mo1e 
0.8296 
1.332 
2.137 
3.429 
5.500 
8.822 
14.17 
22.72 
36.47 
V X 103 
1./mo1e 
2.869 
4.663 
7.582 
12.33 
20.08 
32-59 
53.03 
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Conductivity of Triphenylchloromethane 
Table A-56 (V - 51) 
-21.2°c 
k X 105 
~os cm.'""l 
6.392 4 .. 690 
3.425 
2 .. 537 
1.772 
1.240 
.81.ili3 
.567o 
.3735 
Table A~57 (V - 126) 
-25°C 
k X 105 
mhos cm.-1 
2.732 
1.921~ 
1.36;3 
.9349 
.6176 
.4020 
.2565 
mhos cm.2/mole 
53.03 
62 .. 47 
73.19 
86.99 
97.!1-6 
l09.1.i. 
119.6 
128.8 
136.2 
mhos cm.2/mole 
78.38 
89.72 
103.3 
115.3 
124.0 
131.0 
136.0 
V X 103 
1./mole 
3.228 
5.262 
8~584 14~01 
22.86 
37.31 
60.95 
V X 103 
l./mo1e 
2,634 
~:~36 
11.24 
18.24 
29.60 
48.05 
23~. 
Conductivity of Tripheny1chloromethane 
Table A-58 (V - 129) 
-25°C 
k X 105 
mhos em. -:1 
2.797 
1.945 
1.322 
._88,33 
.5740 
.. 3699 
.2352 
Table A=59 {V - 130) 
-25°c 
k X 105 
mhos em. -l 
2.878 . 
2.035 1.~-3,3 
1.004 
•. 6706 
.4359 
.2787 
mhos cm.2/mole 
90.29 
102.3 
113.5 
123.7 
131 .. ~2 
1,38 ... 0 
143.3 
mhos cm.2/mole 
75.81 
86.91 
99-31 
112 .. 8 
122.3 
129.0 
133.9 
V .X 103 
1./mo1e 
0.6982 
1.446 
3.000 
6.219 
12.86 
26.61 
V X 103 1./moie 
1.103 
1.799 
2.939 
7 .8.70 
12.89 
21.07 
235 
Conductivity of' Triphenylch1oromethane 
Table A-60 (V - 98)~r 
-29.5°C 
k X 10_5 
mhos cm.-1 
'] • .587 
4.6o6 
2.753 
1.632 
.9112 
·~-809 
Table A-61 (V - 99) 
-29.5°c 
k X 10_5 
mhos em. -l 
5.774 
4.088 
2.930 
1·.363 
.8972. 
.5859 
mhos cm.2/mole 
52.97 
66.60 
82 • .59 
101.5 
117.2 
128.0 
mho a cm.2 /mole 
63·.69 
73 • .54 
86.11 
97 .. 45 
107.3 
. 123-.L~ 
V X 103 
1 .. /mo1e 
2.548 
4.151 
6.766 
11.03 
17.97 
29 .• 26 
236 
Conductivity o:f Tripheny1ch1oromethane . 
Table A-62 (V - 100) 
-29.5°C 
k X 105 
mhos. cm.-1 
3.146 
2.214 
1.543 
1.021 
.6673 
.~-331 
mhos cm.2/mole 
80.16 
91 •. io 104." . 
112. 
119.9 
126.7 
237 
Conductivity of Mono-p-chlorophenyldiphenylchloromethane 
V X 103 
1./mole 
1.623 
2.622 
L..232 
6.831 
11.03 
17.81 
V X 103 
1./mole 
1.048 
2.709 
7 .oo~-
18.23 
~-7 .43 
Table A-:-63 (V -~ 64) 
_0.~75°C 
k X 105 
mho.s cm.-:1 
Table A-64 (V - 6~ 
o.l75°C 
k X 105 
mhos em.~ 
2.249 
1.285 
.7221 
.3962 
.2076 
mhos cm.2/mole 
27.07 
:33~25 
40.70 
49.-L.6 
59:66 
71.24 
mhos cm.2/mole 
2).51 
34.81 
50.57 
72.23 
98.46 
238 
Conductivity of.Mono-pwchlorophenyldiphenylchloromethane 
Table A-65 (V • 66) 
V X 103 
:;t../mole 
0.8307 
1.327 
2.117 
3-.~85 5. 10 
8. 39 
13.82 
v x.lo3 
1./mole 
0.8985 
1.854 
3.827 
16.21 
33.49 
69.26 
o.l75°c 
k x lo5 
mhos cm.-1 
2.434 
1.869 
1·.434 
1.094 
•. 8308 
.6275 
.4696 
Table A-66 (V - 66a)* 
o .. l75°c 
k X 105 1 
mhos cm.-1 
mhos cm.2/mole 
20·.22 
24.80 
30.36 )7.03 
44·9s; 
54.21 
64.90 
mhos cm.,2/mole 
23.08 
30.57 
~.0.68 
70'.85 
90.32 
112.5 
239 
Conductivity of Mono ... p-chlorophenyldiphenylchloromethane 
Table A-67 (V - 68) 
V X 103 
1 .. /mole 
1.385 
2.224. 
3.572 
5.736 
9.215 
14.·79 
23 •'77 
V X 103 
1./mole 
0.9958 
1.608 
2·.598 
~:~6~ 
10.9~ 
17.64 
O .. l75°c 
k X 105 
mhos cm.-1 
1.823 
1.-397 
1.065 
.8079 
.6082 
.4534 
.3333 
k2 so2 = o.o125 
Table A-68 (V - 63) 
-8.9°C 
k X 105 
mhos em. -1 
2.616 
1.986 
1-.493 
1.131 
.8380 
.6187 
-4547 
mhos cm.2/mo1e 
25.25 
31.-07 
~8.04 
46.34 
56.05 
67.06 
79.-22 
mhos cm .. 2/mo1e 
26-.05 
31.93 
~8·:~ 
5b;70 
67.62 
80.21 
Conduetivi ty of Mono-p-.chlorophenyldiphenyleh:Lorornethane 
Table A~69 (V - 63a) 
V X 103 
1./rno1e 
1.038 
2.68L-
6.9L-O 
18.06 
47.00 
V X 103 
l./mo1e 
0.8233 
1.318 
2.098 
3.355 
5.361 
8.563 
13.~0 
-8.9°C 
k X 105 
mhos ern. -1 
2.65L-
1.506 
.~)33 
.4462 
.2237 
k2 S02 :: 0.0088 
Table A-70 (V - 65) 
-8t.9°C 
k X 105 
mhos em. -l 
2.926 
2.230 
1.706 
1.281 
.9685 
•. 72443 
.,53 3 
k2 so2 = o.oo94 
mhos em.2/mole 
27 •. 55 
4o.42 
57.83 
80.58 
105.1 
mhos em. 2/mole 
24.09 
29.39 
. )5. 79 
42.98 
.51.92 
62.02 
73 •. 20 
/ 
. /, , 
Conductivity of·Mono•p•chlorophenyldiphenylchloromethane 
Table A-71 (V - 65a) ?~ 
V X 103 
1./mole 
0.8913 
1.839 
3·798 
16.09 
33•22 
68.72 
V X 103 
1./mole 
0.8558 
1.372 
2.204 
3.540 
5.684 
9-132 
14.66 
23.56 
-8.9°C 
k X 105 
mhos em. wl 
3.012 
1.918 
1.228 
.4914 
.2954 
.1723 
Table A•72 (V ~ 67) 
-8·.9°C 
k X 105 
mhos cm.-1 
2.857 
2.180 
1.653 
1.251 
-9474 
.6999 
.5176 
.3738 
. ~ 
mhos cm.2/mole 
26.85 
35.27 
46.6~-
79.07 
98.06 
118.4 
mh,os cm. 2/mole 
24·-45 
29.91 
.39~·43 
44.28 
53.85 
63.91 
75.88 
88.07 
Conductivity of Mono-p-chlorophenyldiphenylchloromethane 
Table A-73 (V - 37) 
V X 103 
1./mole 
.o. 7395 
1.18&. 
1.896 
~:g~~ 
7-4779 12. 5 
V X 103 
l./mo1e 
1.352 
2.172 
3.481 
5 • .584 
8.951 
14.36 
23.03 
-1~.5°C 
k X 105 
mhos cm.--1 
3 ..• ;304 
2.402 
1.866 
1·.336 
1.02) 
~7849 
.5633 
Table A-74 (V - 38) 
-12.5°c 
k X 105 
mh.9? cm.-1 
2.302 
1.730 
1.309 
·9716 ~7264 
.5269 
~3908 
mhos em .• 2(mo1e 
mhos cm.2/mo1e 
31.12 
~7~58 .57 
st,25 65.02 
75~66 
90.00 
Conductivity or Mono-p-chlorophenyldiphenylchloromethane 
V X 103 
1./mo1e 
0.8557 
1.373 
2.207 
3.544 
5.690 
9-1;33 
14.64 
V X 103 
l./mo1e 
0.8,313 
1.346 
2.181 
3 .. 535 
5.726 
9.273 
15.02 
24.)3 
39-41 
Table A-75 (V - 39) 
-12.5°0 
k X 10}5 
mhos cm.-1 
2.974 
2.261 
1.727 
1.291 
.9755 
.7159 
.5225 
Table A 76 (V - 46) 
-12.5°0 
k X 105 
mhos cm.,-1 
3.097 
2.337 
1.725 
1 .. 305 
.9768 
.7202 
.5262 
·.3756 
.2667 
mhos cm.2/mo1e 
25.45 
31.04 
;38.11 
45.75 
55.51 
6.5.;38 
76.49 
mhos cm.2/mo1e 
Conductivity of Mono..;p;..chlorophenyldiphenylchloromethane 
V X 103 
1./mole 
1.125 
1.817 
2.937 
4. 74-9 
7.673 
12.4J. 
20.07 
32.45 
r 
V X 103 
l./mo1e 
1.190 
1.906' 
?t·053 ~-894 
7·827 
12.:56 
20.11 
32.22 
Table Aw.77- (V - 52) 
-21.2°C 
k X 105 
mhos em., ... 1 
Table A~78 (V - 54} 
-21.2°c 
k X 105 
mhos em. -1 
2.948 
2.218 
1.662 
1,;230 
.o9038 
:t~l~ 
.3260 
mhos cm,.2jmole 
;34.39 
41.79 5o.o5 
59;60 
70.28 
81.15 
9:3.o4l 
104.8 
mhos cm.2Lmole 
3.5.08 
42•27 
50.74 
60.20 
70.t83 
82.32 
93.75 
105.:0 
Conductivity of Mono-p-chlorophenyldiphenylchloromethane 
V X 103 
1./mole 
0.6901 
1.107 
1.778 
2 .. 855 
4.585 
. 7.363 
11.82 
18.96 
V X 103 
1./mole 
0.8290 
1.704 
3.504 
7.207 
14.79 
30.52 
Table A-79 (V - 55) 
-21.2°c 
k X 105 
mhos cm .. -1 
4 .. 0)5. 
3.048 
2.289 
1.718 
1 .. 27L-
.9363 
.6792 
.4832 
Table A-80 (V - 96)?f-
-29.50C 
k X 105 
·mhos em .. -1 
4.119 
2.642 
1.656 
L.Ol5 
.6035 
.3403 
. mhos em. 2/mole 
27 ._85 )3 .. 74 
~_o. 70 
49 .. 05 
58.41" 
68.~4 
. 80.28 
91.61 
mhos cm .. 2/mo1e 
, 
Conductivity or Mono-p-chlorophenyldiphenylchloromethane 
V X 103 
1./mole 
-1.302 
2.120 
3 .L.54 
5.639 
9.203 
15.02 
24.49 
Table A-81 (V_ - 97) 
_ -29.5°c 
k X 105 
mhos cm.-1 
3.818 
2.822 
2.038 
1.48~ 1.06 
·74 1 
- .. 5152 
Table A-82 (V - 102) 
-29.5°c 
k X 105 
mhos ern: .. -1 
3.173 
2 .. 326 
1~683 
1.213 
.8573 
. - .5982 
.• 4070 
mhos ~m.2/mole 
,3~. 85 
44.42 
52.29 
62.15 
72.85 
8,3,'.4J_ 
94.28 
mhos cm.2/mole 
41.31 
49.31 
.58.13 
68.40 
78.90 
89.85 
99.67 
Conductivity of Mono-o-chlorophenyldiphenylchloromethane 
Table A;..83 (V - .70) 
V X 103 
l./mole 
0.9754 
1.563 
2.507 
4.030 
6 .. 461 
10 .J6 
16.64 
V X 103 
1./mole 
2.826 
4 • .522 
11 • .59 
18 • .56 
29.81 
47·15 
O.l75°C 
k X 105 
mhos cm.-1 
1.992 
1a532 
1.17.5 
.8986 
.682.5 
• .5149 
.3856 
Table A-84 (V - 72) 
O.l7.5°C 
k X 10.5 
mhos cm.-1 
1,.102 
.8400 
.4811 
.3602 
.2660. 
.1932 
mhos cm. 2/mo1e 
19.4~ 23.9 
29.4 
;36.21 
~~--10 ~~:i·~ . 
mhos cm. 2/mole 
31 .. 14 
37 .. 98 
55.76 
66.8.5 
79 .. 28 
92.2.5 
2Lr8 ,-
Conductivity of Mono-o-chlorophenyldiphenylch1oromethane 
Table Aw85 (V - 76) 
V X 103 
1./mo1e 
3.270 
5~291 
8~558 
13.86 
22~44 
36.30 
58.74 
V X 103 
1./mole 
O.i9664 
l.$48 
2;484 
36.·~?4 
•'+02 
10.27 
16~49 
O.l75°C 
k X 105 
mhos cm.-1 
1.027 
~7777 
.5833 
~4358 
~3223 
;2360 
~1705 
Table A-86 (V - 69) 
-8.90C 
k X 105 
mhos cm.-1 
2.254 
1;728 
1.319 
1~003 
;7556 
~5666 
~4208 
mhos cm.2/mole 
33.58 
41~15. 
h9.92 6o~4o 
72~32 
85~67 
100.1 
mhos cm.2/mo1e 
21.78 
26~75 
:32.76 
40.06 
48~37 
58~19 
69.39 
Conductivity o~ Mono-o-chlorophenyldiphenylchloromethane 
Table A-87(V - .71) 
V X 103 
1./mole 
1.093 
1.749 
2~799 
4.480 
7.173 
11.49 
18.39 
29.52 
47-30 
V X 103 
l.(mole 
2.171 
3.463 
5.530 
8~838 
14~11 
22.57 
36.03 
57.66 
-8.9°C 
k x lo5. 
mhos cm~-1 
2.115 
1.612 
1.233 
.. 93.38 
~ 704-J:. 
~5276 
~3905 
.2848 
.2046 
Table A~88(V - 73) 
-8.9°C 
k X 105 
mhos cm.-1 
1.435 
1~094 
:8291 
• 6229 
.4630 
-3401 
.2458 
.1756 
mhos ·cmll2/mole 
23.12 
28~19 
:34.51 
41.83 5o.5o 
60.62 
71.81 
8LJ-.07 
96.78 
mhos cm.2¢mole 
31.15 
37~88 
45 .. 85 
55~05 . 
65.33 
76.76 
88 .. 56 
101 .. 2 
250 
Conductivity of Mono-o-chlorophenyldiphenylchloromethane 
· V X 103 
1./mole 
3.240 
5.2~1 
8.4oo 
13.73 
22.23 
35.97 
58.20 
V X 103 
1./mole 
.1 .. 379 
2.376 
~-.091 
7.053 
12.15 . 
20.93 
Table A-89 (V - 75) 
-8.9°0 
k X 10~l 
mhos em •. 
1.1.52 
.8669 
.6L.h3 
-4768 
-.3493 
.2520 
.1812 
Table A-90 (V - 21) 
-12.5°0 
k X 105 
mhos em. -l 
1.889 
1.407 
1.029 
·.7335 
-.5292 
.3722 
mhos cm.2/mole 
mhos cm.2/mo1e 
26.05 
)3.43 
42.10 
51.73 
64.35 
77.90 
251 
Conductivity o:f Mono-o-chlorophenyldiphenylchloromethane 
Table A~91 (V - 22) 
V X 103 
1./mole 
1.207 
2.073 
3 .. 556 
6.109 
10.49 
18.p2 
V X 103 
1./mole 
1.229 
2.150 
3.761 
6.584 
11.53 
20ol7 
35 • .3.5 
-12.5°C 
k X 105 
mhos cm.-1 
2.106 
1 .. 549 
lol32 
o8200 
:K~~ 
Table A-92 (V - 23) 
-12.5°C 
k X 10_5 
mhos cm.-1 
2.032 
1 • .510 
1.068 
.7668 
.5432 
.3807 
.2627 
mhos cm.2/mole 
25.~2 
32 .. 11 
40.25 
50.09 
61.31 
7~-o67 
mhos cm.2/mo1e 
Conductivity of' Mono-o~chlorophenyldiphenylchloromethane 
Table A:...·93 (V - 59) 
V X 103 
1./mole 
1.160 
1.886 
~ .068 •990 .118 
13.21 
21.48 
34-91 
V X 103 
1./mole 
0.9633 
1.570 2.558 
L-._170 
6.801 
11.10 
18.09 
29.51 
-21•2°C 
k X 105 
mhos cm.-.;.."1 
2.-350 
1.775 
1.331 . 
.9910 
.7293 
.5289" 
.3815 
.2658 
Table A-94 (V - 60) 
-21.2oc 
k X 105 
mhos cm.~l 
2.619 
1:980 
1•4-70 
1:095 
.'8106 . 
.5908 
.l.j228 
.2987 
mhos cm.2/mole 
27~26 
?3~U8 
4-0.83 
49-45 
59.20 
69.87 
81.95 
92.79 
rn.."l.os cm.2/mole 
25:23 
31.·069 
J7. 0 
45.66 
55 .1.3 
65.-.58 
76.48 
88.15 
253 
Conductivity of :Mono-o-chlorophenyldiphenylchloromethane 
Table A-95 (V - 61) 
V X 103 
1./mole 
1.15h 
1.876 ).051 
4.960 
8.o66 
13.12 
21.34 
34.72 
-21.2oc 
k X 105 
mhos cm.-1 
2.384 
1.793 
1.333 
.9941 
.7338 
.5334 
.3803 
.2670 
m.."1.os cm.2/mo1e 
27.51 J3.o4 
40.67 
~9-31 
59.19 
69.98 
81.16 
92-70 
Conductivity of Mono-m-chlorophenyldiphenylchloromethane 
V X 103 
1./mole 
0.8484-
1.744 
3.589 
7.381 
15.17 
31.20 
64 .. 18 
V X 10a 
1./mole 
1.279 
2.075 
3.,370 
5.475 
8.885 
14.44 
23.44 
38.09 
Table A-96 (V - 104-) ~} 
O.l75°C 
k X 105 
mhos cm .. -1 
0.821,3 
.5574 
.3784 
.2550 
.1733 
.. 1167 
.0788 
.. , 
Table A-97. (V --106) 
o.l75°c 
k X 105 
mhos cm.-1 
0.6757 
.5174 
.3960 
.3030 
.2318 
.1761 
.1342 
.1013 
mhos cm.2/mole 
6.97 
. 9.72 
13.58 
18.82 
26 .. 29 
36.4i 50.57 
mhos cm.2/mole 
8.64 
10 .. 74 
13.34 
16.59 
20.59 
25.43 
31.46 
38.58 
255 
Cobductivity of Mono-m-ch1orophenyldiphenylchloromethane 
Table A-98 (V - l03)?!-
Vx 103 
l./mo1e 
0.8409 
1.729 3.558 
7.316 
15.05 
30.94 
63.63 
V X 103 
1./mole 
1o262 
2.047 3.325 
5.405 
8.769 
14.27. 
23.13 
37.58 
-9.10C 
k X 105 
mhos cm.-1 
0.9481 
.6426 
.. 4338 
.2920 
.1973 
.. 1315 
.0878 
Table A-99 (V - 105) 
-9.1°C 
k X 105_ 
mhos cm.-1 
0.,7781 
.. 5956 
-4556 
• 3LB2 
.2658 
.2009 
.1533 
.1158 
k2 so2 = o.oo67 
mhos cm.2/mole 
-7.97 
11.11 
15.43 
21..36 
29.69 
40.69 
55.87 
mhos cm.2/mole 
'9.82 
12.19 
15 .. 15 
18.82 
23 .. 31 
28.67 
,35.46 
43 .. 52 
256 
Conductivity of' Mono-m-chlorophenyldiphenylchloromethane 
Table A~lOO (V - 24) 
V X 103 
1./mole 
1.092 
1.883 
3.242 5.588 
9;637 
-12.5°c 
k X 105 
mhos em. -1 
0.8709 
.461!97 
• . BOB 
.3567 
.2659 
k:t so2 = o .0219 
V X 103 
1./mole 
0.8651 
1.499 
2.598 
4-502 
7-794 
Table A-101 (V - 25) 
-12.5°0 
k X 105 
mhos cm.-1 
1.009 . 
• 7411 
.55lili. 
.3985 
.2951 
mhos cm.2/mole 
, . mhos cm.2/mole 
8.729 
11.11 
14.40 
17:94 
23.00 
257 
Conductivity of Mono-m-chlorophenyldiphenylchloromethane 
Table A--102 (V .-- 26) 
- . . 
V X 103 
1./mole 
0.9665 
1.681 
2.927 
5.096 
8.871 
V X 103 
1./mole . 
0.8.564 
1.368 
2.18) 
3.484 
.5 • .561 
8.884 
-12.,5°c 
k X 10.5 
mhos cm,.'"'l 
1.04.4 
.. 7542 
-.54-33 
• .3866 
.2784 
Table A-103 (V - 32) 
-12 • .5°c 
k X 10.5 
mhos cm.-1 
1.411 
1.014 
.• 6.598 
.,5,568 
.4307 
.3088 
m.."l.os cm.2/mole 
10.09 
12.68 
1.5.90 
19.70 
24.70 
mhos cm. 2/mole 
12.08 
1).87 
14.~-0 
19.40 
23.95 
27.43 
258 
Conductivity of Iviono-m-chlorophenyldiphenyJ:chloromethane 
Table A-104 (V - 43) 
V X 103 
1./mole 
1.382 
'2 .. 280 
3.762 
6.206 
10.23 
V X 103 
1./mo1e 
0.8726 
1..396 
2.235 
3-578 
5.726 
9.174 
-12.5°c 
k X 105 
mhos cm.-1 
... 12<1!5°C. 
k X 105 
mhos cm.-1 
0.9827 
• 758G. 
.5~22 
.4459 
.3Lii8 
.2609 
I 
mhos cm.2/mole 
10.64 
13 .• 26 
16.59 
20.62 
25.49 
mhos cm.2/mole 
8 .. 575 
10.58 
13.01 
15.95 
19.57 
23.93 
k2 so2 = o .oo84 
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Conductivity or Mono-m~chlorophenyldiphenylch1oromethane 
V X 103 
1./mole 
1.245 
2.004 
3.228 
5.200 
8.364 
13.49 
21.72 
34.98 
V X 103 
1./mo1e 
0.8871 
1.lili7 2.36o 
3.848 
6.280 
10.26 
16.75 
27.34 
Table A~1o6 (V - 56) 
~21.,2°0 
k X 105 
mhos cm.-1 
0.9147 
.6987 
.5382 
-4109 
.3124 
.2361 
.1785 
.1332 
Table A-107 (V - 57) 
-21.2°0 
k X 105 
mhos. em. -1 
1.io5 
.8371 
.6411.3 
.4881 
.3692 
.2786 
.2091 
.1570 
mhos cm.2/mo1e 
11.39 
14.oo 
17.37 
21.37 
26.13 
31.85 )8.77 
46.59 
9.80 
12.11 
15.20 . 
18.78 
23.19 
28.58 
,35.02 
42.92 
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Conductivity of Mono.;;m.;.;chlorophenyldiphenylchloromethane· 
Table A-108 (V -· 58) 
V X 103 
1./mole 
1.413 
2.255 
3.603 
5.759 
9.203 
14-71 
23.52 
37.60 
.:.:21.2°C 
k X 105 
mhos .em. -1 
0~8601 
.6628 
"1§~ii 
.2998 
.2274 
.1730 
.1295 
mhos cm.2/mole 
12.15 
1L..95 
18.35 
22.55 
27.~9 )3. 5 
40. 9 
48.69 
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Conductivity o~ Tri-p-chlorophenylchloro~ethane 
Table A-109. (V - 85) ~f-
V X 103 
1./mo1e 
1.287 
2.613 
5.308 
10.79 
21.97 
LW.64 
V X 103 
l./mo1e 
1.486 2 .lioo 
3.882 
10.17 
16.48 
26.73 
43.31 
G.l750C 
k X 105 
mhos cm.-1 
0.5881 
.3859 
•2559 
~1716 
.1146 
.0747 
Table A-110(V - 87) 
o.l7.5°c 
k X 105 
mhos em. -1 
0 .. 5263 
.3995 
.3061 
.. 1773 
.1365 
.1oL.o : 
.0787 
~2 802 = 0.0057 
mhos cm.2/mole 
mhos cm.2/mole 
7.82 
9-59 11.88 
18.03 
22.49 
27.80 
34.08 
26la 
Conductivity of Tri-p-chlorophenylchloromethane 
Table A-111 (V - 84)* 
v :X: 103 
1./mole 
1.277 
2.594 
5.270 
10.70 
21.81 
44.33 
V X 103 
l./mo1e 
1.J.~72 
2.278 
3.846 
10.07 
16.,33 
26.48 
42.90 
-8.9°0 
k :X: 105 
mhos cm.-1 
0.6835 
-4522 
.3019 
.202.6 
.1368 
.0885 
Table A-112 (V - 86) 
-8.900 
k :X: 105 
mhos cm.-1 
o.62o5 
-4720 
.3622 
.2122 
.1613 
.1229 
.0933 
mhos cm.2/mole 
8.813 
11.73 
·15.91 
21.68 
29.84 
39.23 
mhos cm.2/mo1e 
9.13 
11.22 
13-93 
21.37 
26.34 
,32.54 
40.02 
k2 so2 = o.oo55 
1. 
2. 
3. 
~-· 
BIBLIOGRAPHY 
Adam P., Ann. chim. phys.,L6], 15, (1888). 
Auwers K. )and Fruhling A., Ann., 1~22, 160 (1922). 
Bacb.mannW.E., J,. Am. Chem. Soc., 55,773 (1933). 
Bachmann vr.E. and Wiselogle F.Y., :1. Org. Chem., 1, 
371 (1936). 
Bae-yer A., Ber., .:2£, 587 (1905). 
262 
6. Bjerrum H., Kt;l. Danske Vidensk. Selskab., 7. Uo.9(1926). 
10. 
11. 
12. 
13. 
16. 
18. 
Bamberger E., Ber., 28, l:-03 ( 1895) • 
Baughan E.c., J.CheD. Phys., 7, 951 (1939). 
Bender H.L., J. Am. Cl1.em. Soc., 73, 1626 (1951). 
Bistrzydki A. and Gyr J., Ber., 37, 121,5 (190L!_). 
Burkhardt G .. JIT., Horre.x C. and Jenkins D .. I., J. Chem. 
So~., 16~~ (1936). · 
Branch i3.H. and Calvin IvT., nThe T'.aeory o:r Organic 
Chemistryn Prentice Hall, Inc., New York, N.Y., 
191!-7 Pv 253. 
Clarke H. T. and Re.ad R .. R., norganic Sybtheses n, 
Coll. Vol. I, 2nd. Ed.~ P•. 514 .. 
Daggett H.11:1., J. Am. Chern. Soc., 73, 4977 (1951). 
Daniels F., lTathews J.H. and Williams .J.V'.?., nExperimental 
Physical Chernistryn, McGraw-Hill Book Company, _Inc. 1 
1952, l_:-th Ed., p .. 1!56. 
Dennis on J. T. and Rar•J.sey J .B., J. Am. Chern. Soc., 77, 
2615 (1955). 
Deno N.C. and Schriesheim A., J. Am. Chem. Soc., 77, 
3051 (1955). 
Deno N.C.; Jaruzelski J.J. and Schriesheim A., J. Org. 
Chem .. , 19,155 (195q). 
Dippy ,r .F.J., Evans C .P., Gorden R.H., LevdsR.and Viatkin 
H .. B., J. Che~. Soc., 1421 (1927). 
... - ' ."",; -·:· ~ . 
263 
20. Dippy J.FoJ., Chern. Hev., 25, 151 (1939). 
21. Dobbie J.J. and!'.'lctrsdenF., J. Chern. Soc.,_73, 25~- (1898). 
22. Fels G., Zeit. Kryst. Hin., 32, 389 (1900). 
23. FieserL.F., HE.xperiments.-'in Organic Cher1istr~ru, D.O. Heath 
and:·compatJ.y:r·Boston, Hass., 1941, 2nd Ed., p. 39L,. 
24. Fischer 0. and w. Hess, 3er., JQ, 338 (1905). 
25. Fuoss R.M •. and Kraus C.A., J. Am .. Chern. Soc., 55, 476 (1933). 
26. Fuoss R.l\-1. and Shedlovsky T.; J. Am. Chern. Soc., 71, 1~96 (19L:-9) • 
27. Glass tone S .. , nTextbook o.f Physical Chemistry", 
D. Van Nostr2.nd Company, Inc., New York, N.Y.,-19L:6, 
2 nd_ Ed., pp. 907-908. 
28. Glazer H., rtconducti vi ty i_n Liquid Sul.fur Dioxide n, 
A.?:I. Thesis, Boston University, 1951. 
29. 
30. 
31. 
32 .. 
33. 
Gomberg M.) and Cone L.H., Ber .. , 39, 3278 (1906). 
Gomberg T.•T ... .1. and Cone L.H., Ber .. , 39, 1L~66 (1906). 
Gomberg H. e.nd Cone L.H., Ber., 39, 1461 (1906). 
Gurney R. W., J. Chern. Phys .. , 6, ~-99 (1938). 
Hall;G.E.~.ficcolini R. and Roberts J.D., J. foJd. Chern. 
soc., 77, 45~.0 (1955) • 
3L!:. Haller H. L., Bartlett P. D., Drake N .L .. , Ne·wman IT. S., 
Cristol S. J., Eaker C .III., Hayes R.A. , ICilner G. VJ., 
Magerlein B., r:tueller G.P .. , Schneider A. and VJheatley VI., 
J. Am. Chem .. Soc., §1., 1592 (19~-5). 
35. 
36. 
Hammett L. P., ttphysica Organic Chemistry rt, I1IcGraw-Hill 
Book Company, Inc., New Yorl~, N.Y., 19L~o, p. 195. 
Harned H.S. and Owen E.B., :tThe Physical 9hemistry o.f. 
Electrolytic Solutions", Re~nhold Publish~ng Corporatlon, 
New York, N.Y., 1950, 2nd Ed., p. 135. 
37. Harned H.S. , and Embree N.D., J. Am. Chem. Soc., 56, 
1050 (1955). . . 
38. Ingold C.K., rtstructure and I•.-Iechanism in Organic C'n.emistry'; 
Cornell University Press, Ithaca, N.Y., 1953.' Chap.II. 
264 
39. Ingold e·~I\. and Branch G.E., Chem. Rev., .15, 225 (193L!_). 
40. Ingold C.K~, J. Chem. Soc., 1632 (1930). 
L:-1. nrnternational Critical Tables tt, Mcgraw Hill Book Co., 
Inc., New York, N.Y., 1929, Vol. VII, p. 212 .. 
L~2. Jaffe' H.H., Chem. Rev., 53, 191 (1953). 
~3. Jenkins H.O., J. Chem. Soc., 1137 (1939). 
4Ll. Jones G. and Bradshaw B.C., J. Am. Chem. ·Soc., 55, 
1780 :(1.933). 
45. ·Kahlbaum G.W.H •. and Arndt K., Zeit. phys. Chem~, 26, 
625 (1898) • . 
. 4.8. 
49· 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57, 
58. 
Kellas A.M., Zeit. phys. Chern., 24, 221 (1897). 
Kindler K., Ann., 4611, 278 (1928). 
ICindler IC., Ann., 450, 1 (1926) • 
Kirkwood J.G. and Westheimer F.H., J. Chern. Phys., 6, 
506 (1938). . . 
Kloosterzeil H. and Backer H.J., J. Am. Chem. Soc., ?Lr., 
5806 (1952) • ..:...... 
Kohlrausch F., Holborn L. and Diesselhorst H., \':ien. 
Ann., §, 417 (1898). 
Kohlrausch F. and Holborn L., nLei tvermogen del..,. 
Electrolytes", B.G. Teubner, Leipzig, 1916, 2 nd Ed. 
Kopp II., _Ann., 95, 307 (1855) • 
Korszynski A. and Fandrick B., Compt. rend., 183, 1;21 (1926). . . 
Lange N.A., Zeit. fur angew. Chemie, 12, 275 (1899) .. 
. -
Leftin H. P.,, ttr onizat;ion and Dissociation Equilibria in 
Sulfur Dioxide Solutiontt, Doctoral Dissertation, 
Boston University, 1955, pp. 17, 21, 41, 46, 84, 130, 222. 
Lewis G.N., Mageland T.T. and Lipkin D., J. Am. Chem. 
Soc.,§:, 177~- (19~-2). 
Lichtin N.N. and Bartlett P.D., J. Am·. Chem. Soc., 73, 
5530 (1951). 
6o. 
61. 
62. 
63. 
265 
Lichtin N.N. and Glazer H., J. Am. Chern. Soc., 73, 
5537 (1951). 
Lichtin N.N. and Leftin H.P., J. Phys. Che~., 60, 160, 
16L~ {1956). 
Lichtin N.N., nconductivities in Sulfur Dioxide", 
Doctoral Dissertation, Harvard, 19L:.8 .. 
Luchinskii G.P., J. Phys. Chern .. , {USSR), 12, 280 {1938). 
Eargenau H. and l\1urphy G.H., ttTb.e Mathematics of Physics 
and Chemistryn, D.Van Nostrand Company, Inc., New York, 
N.~., 1943, p. 502. 
I.Iarvel C.S., Johnston H.'IJJ., Meier J .W,, r-:=astin F.'W., 
Vf.niston_J. andHimel C.I·.rt., J.ll..ni. Chern. Soc., 66, 91L1- (19~1J). 
Marvel C.,S., Dietz J .c. and Himel C.H., J. Org. Chem., z, 392 {1942)~ . 
.66:ii'.- I:Iarvel c.s., I\'iueller LI.B., Himel c.M. and Kaplan J .F., 
J. Am. Chem. Soc .. , 61, 2771 (1939). · 
68. 
69. 
70. 
71. 
72. 
73. 
7~. 
75. 
76. 
77. 
78 • 
McDaniel D. H. and Brown H.C., J. 1\..m. Chem. Soc., 77, 
3756, (1955). . 
Licgary c.w., Okamoto Y. and Brown H.C., J. A!'a. Chem. Soc., 
77' 3037 (1952) • . 
Meyer V., Ber. , 28, 125~- ( 1895) • 
Meyer V. and· Sudburough J. J. , Ber., 27, 1580 ( 169Ll_) • 
IJiontagne P.J., Rec. trav. chim., 19, 5o {1900). 
Liorton A.A. and Emerson V'J.S., J. Am. Chem. Soc., 59, 
19L:_7 (1937). 
Newton H. P. and Groggins P.H., Ind. Eng. Ghem., 27, 
1398 (1935) .. 
Ostv1ald Vj., z. phys. Chem., 2., 36, 270 (1888). 
Pappas P., Private Communication. 
Parker H.C. and Parker E.\';., J. Am. Chern. Soc., k2 
312 (192L!). 
Perkin VJ.H., J. Chem.. Soc., 69, 1025 (1896). · 
.. 
.Roberts J.D. and Carboni R.A., J. _tun. Chern. Soc., 
77, 555LJ. Cl955) • 
266 
79· Roberts J. D~ and Semenov: D., J. Am. Chem. Soc., 77, 
3152 ( 1955) ·• 
80. Schlenk w., Ann., 368, 361 (1909). 
81. Seyer v:.F. and P:eck VJ.S., J. Am. Chem. Soc., 52, 1L!. (1930). 
82. Shed1ovsky T., Jour. Franklin Inst., 225, 739 (1938). 
83. Shed1ovsky T. and Xay R.L., J. Phys. Chern., 60, 151 (1956). 
Sl.j .• StokmannF., Rodetz P. andHerz:berg'IJ'J., J. nr. Chem., (2J, 36' 353 (1887) • .. 
85. 
86. 
87. 
Taft R.17., 
Taft R~\7., 
VieJ:>k A.L., 
J. 
J. 
z. 
Am. Chem. Soc., l.k, 3120 (1952). 
~...r:1. Chem. Soc., 7L!' 2729 (1952} • 
anorg. Chem., 261, 279 (1950). 
88. \'Ji.1lard H.H. and Furman N.H., ttElementary Quanti ta ti ve 
Ananysistt, D. Van Nostrand Company, Inc., New York, 
N.Y. , 19~.0, 3 rd Ed., p. 185. 
267 
ABSTRACT 
The conductivity of a group of triarylchloromethanes 
in liquid sulfur dioxide has been investigated.over a wide 
range of concentration at several temperatures. 
All of the compounds used in this work were very 
carefully purified and then analyzed for hydrolyzable 
chloride. A compound was considered pure when the analysis 
showed theoretical hydrolyzable chlorine within the experi-
mental error which was three parts per thousand. These 
results were corroborated by micro analysis. 
Shedlovsky's procedure was used to calculate equi-
librium constants. The two weakest electrolytes with which 
this procedure could be used were the mono-m-chloro and 
tri-p-chloro derivatives of trityl chloride and these 
yielded only approximate values of the constants. The data of 
this research are summarized in Table I. 
Comparison of the equilibrium constants of the 
chloro-substituted derivatives indicates that the ortho 
derivative shows little or no proximity effect. The small 
differences between ortho and para substituents as well as 
the order of strengths can be explained in terms of reso-
nance, inductive and field effects. The inductive effect 
of chlorine substituents fus seen to predominate over any 
field or resonance effect because of the very considerable 
weakening caused by one meta-chloro substituent and the 
fact that both para and ortho substitution by chlorine 
--Table---I-----· -- , · 268 
Sum~ary of Equilibrium Data 
Temperature ~ Ke~X 105 K2·:x 103 IC1x 103c 
oc mhos em. 2/mole moles/litera mo1es/literb 
Trityl 
L' ... 23 1~--9 o:oo 196 2 .. 88 -~ .• 00 20 3.68 3.0~. 13.3 
-8 .. 93 188 6. 9 3 .2lt 21 .. 1 
-12 • .50 173 9·i-9 3.L!.d 2tL6 
-:15.00 180 7. 5 3.50 22.~. 
-17 .. 00 168 13.0 3.59 37. 
-19.00 lbO 10.6 3.59 2.9.6 
-21.20 1 2 14.2 3.79 38.9 
-25.00 1~6 1~--4 3.97 37.6 
-29.50 1 8 21.2 L! .• 19 53.2 
l\'Iono-o-methyl 
62.5 2.98 26.5 0.175 1:90 
-4.00 185 79.3 3.15 336 
-7.00 183 78.2 3.2.8 316 
-7.90 178 97.6 3e.J2 416 
-8.90 17~ 110 3.,6 EB6 
-10.50 17 10~- 3. 3 ~~ -12.62.5 171 169 3.53 
-16•.50 164 151 3.71 682. 
-21.13 iU 171 ~·92 774 -25.00 3~3 .11 5o 5o 
-29 • .50 142 2 0 ~--35 148.5 Mono-p-chloro 
1.26 3.36 ~'-3. 76 o.175 18.5 
-8.90 ll2 2.14 3.80 .5 • .56 
-12.50 1 9 2.~-3 3.98 6.1.5 
-21~20 153 ~--43 L~.41~ 10.1 
' -29 • .50 139 7.39 4.92 1.5.0 
Mono-o-chloro 
o.I75 182 1.06 3.36 ~-16 
-8.90 167 1.6L!- 3.80 --3~ 
-12 • .50 167 1.79 3.~ ~·5 
-21.20 150 2 .. 77 l, .• .21!-
l'1Iono-m-chloro (184) d 0.175 0.1.56 3.36 o.~6 
-8.90 (lbO) 0.2L,.O 3.80 o. 3 
-12 • .50 (1 8) 0.27.5 ~·98 o.66 
-21.20 (152) o.427 ·~- 0.9 Tri-p-chloro 
0.175 (168) O.l2D ~.71 0.~2 
-8.90 (1 L,.) 0.193 .20 o. ~6 
a. Calculated from conductivity data; b. Assumed identical 
with the Bjerrum constant; c. Calculated from the expression, 
K1 = Kexp/(K2 - Ke.h.-p); d. Values in brackets are assumed. 
·. 
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result in compounds weaker than the unsubstituted compound. 
Comparison of the data for the mono-o-methyl derivative 
with prior data for the mono-p-methyl compound also shows 
little or no proximity effect. Additivity of substituent 
effects is observed for the para-chloro-substituted com-
pounds when the proper form of the Hammett equation is 
employed. 
The temperature ~ependence of the equilibrium data 
for the three mono-chloro compounds is consistent with 
constancy of A Hg.xp. The consequent thermodynamic quanti-
ties are listed in Table IIo This apparent constancy of 
6Hgxp may, however, be due to lack of sufficient data and 
the quanti ties of Table II should be viewed 'INi th caution. 
~ityl chloride and its mono-o-methyl derivative, 
however, both g.ve a very complex behavior over the thirty 
degree range in which they were measured. A plot of the 
logarithms of the equilibrium constants versus the re-
ciprocal of the absolute temperature yielded similar 
\ 
sinusoidal curves. There appear to be at least three 
maxima in each along with the corresponding minima. How-
ever, some of these maxima and minima were determined by a 
single point. Obviously, measurements at more frequent 
intervals are required. 
A detailed analysis of probable errors has aided in 
establishing this complex behavior as scientific reality 
rather than a consequence. of errors of measarements. The 
270 
Table I:I 
Summary of Thermodynamic Quantities. Calculated from 
Experimental Constants 
Temp. .l\Fgxp Temp. t:l Fgxp 
. oc kcal/mole oc kcal/mole 
Unsubstituted Hono-o-methyl 
o.oo 15-tl 0.175 ,tL~.01 
-4.oo 5. -~-oOO 3.82 
-8.93 E·o5 -7~00 3.l8 
-12.50 .80 -7.90 3. 5 
-15.oo 4.86 -8.90 3.58 
-17.0 Li .• 56 -10.50 3.59 
-19.00 4.62 -12.63 3.53 
-21.20 4·~ -16.50 3.31 
-25.00 4-3 -21.13 3.1~ 
-29.50 4.10 -29.50 2.8 
Mono-p-ch1oro 
AHSxp AFgxp ljSgxp T8~P· kca1/mo1e kca1/mo1e eu 
0.175 -7.88 ,t 6~13 -51.2 
-8.90 -($.88 5.65 -51.2 
-12.50 -7.88 ' 5.51 -51.3 
-21.20 -7.88 ~.02 -51..2 
-29.50 -7.88 .61 -51.2 
Mono-o-ch1oro 
0.175 -6.!!.2 ,t 6.22 -46.2 
-8.90 -6.42 5.79 -!16.2 
-12.50 -6.L!.2 5.66 -Li.6 .3 
-21.20 -6.42 5.26 ·-46.3 
Mono-m-ch1oro 
0.175 -6 ·~-2 ,t 7.27 -50.1 
-8.90 -6.!j.2 6.80 -5o.o 
-12.50 -6.~.2 6.63 -50.1 
-21.20 -6.42 6.19 -50.1 
Tri-p.-chloro 
0.175 -7.50 ,t 7 .LJ.O -54-9 
-8.90 -7.50 6.91 -5Li .• 5 
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equations of linear log Kexp :rersus 1/T relationships for 
tri tyl cl1loride and its alkyl-substituted der•i V8.ti ve V'.Jere 
determined by the Inethod of least squares. ·r:.'1.e percent 
deviation of e9.ch experimental -K from the corresponding 
value calculated fro~n these equa t:i.ons was compared \'Ji t:1. the 
probable error of that experimental equilibrium constant. 
This comparison s:1.ov!ed t'::lat :sone of' the deviations f:eom 
li'l1oarity were far greater t3J.an t~1.e allowable error based· 
on the erl"ors· of measure':llent. 'lbus, al thoug:1. the exact 
shape of the curves has not been established, the fact that 
an unusr:.al temperature dependence l1as been observed would 
seem to be verified. 
A single ~:1aximum in thermal data for wealr electrolytes 
has been observed by others and attempts have been made to 
incorporate t~1.cso facts into theory. The ap:;:earance of 
more than one lllaximurn, implying cl1.anges iJ;l the sign of the 
standard enthalpy complicates tl1.e theoretical deductions 
,,:hich migl1.t be made. 
In the present work, a separation of Kexp into dis-
sociation and ionization constants has been made (Table I) 
using t;l1.e methods of recent \'Jorkers in this field. By 
assunlng that the dissociation constant, K2 associated 
with these compounds is equal to the Bjerrum constant, it 
has been possible to calculate ionization constants, K1 for 
these compo.unds. Because log K2 varies in an essentially 
linear fashion witb. respect to 1/T, it seer.1s 
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obvious that the complex behavior is probably associated 
with the process o~ ionization ~rom the covalent species 
to the associated ion-pair. Plots o~ the logarithms o~ the 
ionization constants versus the reciprocal of the absolute 
temperature exhibit regions of small slope (almost zero). 
These regions are found in the data for the chloro-substi-
tuted derivatives as well as for the compounds displaying 
complex temperature dependence o~ Kexp• These latter com-
pounds show more than one such region while the former show 
only one. 
f 
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